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This dissertation adds to the current understanding of the socioeconomic 
determinants of traffic fatality rates by examining the variation in road deaths across 
countries and over time.  Chapter two investigates the relationship between road 
safety and economic development within an Environmental Kuznets Curve 
framework.  Reduced-form models of fatality risk as a function of per capita income 
are estimated using panel data for over 80 countries.  The results confirm an inverted 
U-shaped relationship with income, with traffic fatality risk (fatalities per population) 
beginning to decline at incomes similar to those found for several environmental 
externalities.  The turning point is driven by the rate of decline in fatalities per vehicle 
as income rises, since motorization rates (vehicles per population), while increasing 
with income at a decreasing rate, never decline with economic growth.  This suggests 
that road safety improvements accompanying income growth depend on policies that 
reduce fatalities per vehicle rather than on reducing motorization.  
Projections suggest that the global road death toll will grow by 66% between 
2000 and 2020 if historic trends continue.  This number, however, reflects divergent 
rates of change in different parts of the world.   
Chapter three focuses on factors underlying the decline in fatalities per 
distance traveled, i.e., the downward sloping part of the road safety Kuznets curve.  
Formal models of traffic fatalities are developed for vehicle occupants and 
pedestrians.  Reduced-form approximations to these models are estimated using panel 
data for over 30 high-income countries over 1964-2002.   
Estimates suggest that demographic changes and road building contributed to 
declines in both vehicle occupant and non-occupant fatality rates.  In addition, 
increases in the size of the vehicle fleet, as predicted by theory, have increased 
occupant deaths while decreasing pedestrian deaths per distance driven.  
Improvements in medical care also played a role in reducing both fatality rates.  The 
results do not offer evidence of a significant increase in demand for risky driving in 
response to newer, safer vehicles or seatbelt usage.  The extent to which alcohol and 
increases in the elderly population have detrimental effects on fatality rates is found 
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Road traffic crashes claim the lives of hundreds of thousands of people each 
year and currently account for a quarter of all fatalities resulting from injury.  The 
problem is especially acute in the developing world: Developing countries, which 
account for only 32% of the world’s vehicle fleet, bear over 85% of the global road 
death toll.  Recent trends suggest the situation is only worsening.  In the past fifteen 
years, traffic fatalities have increased by almost 80% in Asia, and by 40% in Latin 
America and Africa.  The opposite is true in industrialized countries, however, where 
road death rates have been declining for several decades. 
These facts raise two key questions.  First, is there an observable relationship 
between traffic fatalities and economic development and, if so, what is the magnitude 
of that relationship and what does it imply for the future course of fatalities in 
developing countries?  Secondly, what can be done to improve road safety conditions, 
particularly in low-income regions?  Offering policy guidance to developing countries 
must be based on a comprehensive understanding of which policies have proved to be 
the most influential in reducing fatality risk in industrialized countries.  The goal of 
this dissertation is to add to the current understanding of the socioeconomic 
determinants of traffic fatality rates by examining the variation in road traffic 
fatalities across countries and over time.  
Chapter two of the dissertation investigates the relationship between road 
safety and economic development within an Environmental Kuznets Curve (EKC) 
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framework.  According to the EKC hypothesis, environmental quality declines during 
early stages of economic development but improves in later stages.  This is usually 
depicted as an inverted U curve between pollutants and per capita income, similar to 
the relationship Simon Kuznets (1955) suggested to exist between income inequality 
and per capita income.   
Reduced form models of fatality risk as a function of per capita income are 
estimated using panel data for over 80 countries to examine whether road traffic 
fatalities follow an observable pattern as countries develop.  The results confirm that 
traffic fatalities do indeed follow an inverted U-shaped relationship with income, with 
traffic fatality risk (fatalities per population) beginning to decline at income levels 
similar to those found for several environmental externalities.  The fatality risk-
income relationship is disentangled by separating fatalities per population into two 
components—fatalities per vehicle and vehicles per population.  The EKC turning 
point is found to be driven by the rate of decline in fatalities per vehicle as income 
rises, since motorization rates (vehicles per population), while increasing with income 
at a decreasing rate, never decline with economic growth.  This suggests that 
improvements in road safety that accompany income growth will depend on policies 
that reduce fatalities per vehicle rather than on reducing motorization.  
Projections of future traffic fatalities based on the results in chapter two 
suggest that the global road death toll will grow by approximately 66% over the next 
twenty years.  This number, however, reflects divergent rates of change in different 
parts of the world.  The road death rate is projected to rise to approximately 2 per 
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10,000 persons in developing countries by 2020, while it will fall to less than 1 per 
10,000 in high-income countries. 
Chapter three of the dissertation focuses on the factors underlying the decline 
in fatalities per distance traveled, i.e., the downward sloping part of the road safety 
Kuznets curve.  It seeks to shed light on the extent to which policy intervention, 
rather than technological advances or trends in motorization, can explain the 
reductions in traffic fatalities experienced in industrialized countries since the early 
1970s.  Formal models of traffic fatalities are developed for vehicle occupants and for 
vulnerable road users (pedestrians and bicyclists).  Reduced-form approximations to 
these models are then estimated using panel data for over 30 high-income countries 
for 1964 through 2002.   
Estimates suggest that demographic changes and road building alone 
contributed to declines in both vehicle occupant and non-occupant fatalities per 
vehicle distance traveled.  Motorization trends also matter.  Increases in the size of 
the vehicle fleet, as predicted by theory, have increased occupant deaths while 
decreasing pedestrian deaths per distance driven.  Improvements in medical care have 
also played a role in reducing both fatality rates.  With regard to the effectiveness of 
behavioral policy interventions, the results in chapter three do not offer evidence of a 
significant increase in demand for risky driving in response to newer, safer vehicles 
or seatbelt usage.  There is greater support, however, of offsetting behavior related to 
trends in road infrastructure conditions.  Finally, the extent to which excessive 
alcohol consumption and increases in the elderly population have detrimental effects 
on fatality rates is found to be twice as large for pedestrians as for vehicle occupants.  
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Determining whether this reflects an increased risk posed by the driving or walking 
behavior of these two populations is a topic for further study.   
This dissertation contributes to the existing research on road safety in several 
ways.  Chapter two presents the first application of the Environmental Kuznets Curve 
hypothesis to road safety.  In part, the absence of this type of analysis in the road 
safety or EKC literature is due to a lack of data.  One of the contributions of the 
chapter is the assembly of a panel dataset on traffic fatalities and vehicle fleets for 
over 80 countries covering 1963 to 1999.  This dataset is part of a larger effort on my 
part to digitize all data in the International Road Federation’s World Road Statistics 
going back to 1963.  These data, which are now publicly available, may be used to 
answer a host of transport related questions using country-level panel data. 
The forecasts of traffic fatalities have helped draw attention to the growing 
magnitude of the road death toll in developing regions of the world.  As the second 
global prediction of this kind, they offer policymakers a baseline scenario for the next 
twenty years, thus raising awareness of what is likely to happen if additional 
measures are not enacted to reduce traffic accidents.  They were used as input to the 
joint World Health Organization-World Bank World Report on Road Traffic Injury 
Prevention (Peden et al., 2004) and are continuing to be used by the World Bank to 
help low-income countries develop long-term targets for reducing road deaths.   
The documentation of a Kuznets Curve for road safety in chapter two also 
provides an indication of the level of income at which traffic fatality risk historically 
has begun to decline.  This finding should not be interpreted to mean that countries 
automatically grow out of their road safety problems as incomes increase.  Instead, 
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the central question for policy concerns the factors underlying the downward sloping 
part of the EKC.  Chapter three attempts to further the understanding of these factors 
by examining the importance of various factors in reducing traffic fatality risk in 
industrialized countries. 
The empirical approach taken in chapter three provides a broader 
understanding of the factors influencing traffic fatality rates than is offered by the 
existing literature.  Much of the literature on road safety is devoted to evaluating the 
effectiveness of specific safety interventions such as speed limits or alcohol control 
policies on the basis of within-country data.  Most U.S. studies using panel data are 
limited to state level analysis for several years.  The analysis in chapter three is 
among the first attempts to use cross-country panel data to examine the role of 
various factors on both pedestrian and vehicle occupant fatality rates.   
The dissertation is organized as follows.  Chapter two begins by describing 
the Environmental Kuznets Curve hypothesis and its application to the death rate due 
to road traffic crashes (Section 2.2).  After explaining the methodology and data 
(Section 2.3), data trends are presented to show how fatality risk 
(fatalities/population), motorization rates (vehicles/population) and fatalities per 
vehicle vary with income both within and across countries (Section 2.4).  Finally, the 
estimation results are discussed (Section 2.5) and used to forecast vehicle growth and 
traffic fatalities by region from 2000 to 2020 (Section 2.6). 
Chapter three begins with a summary of the existing empirical literature on 
road safety.  This is followed by a discussion of patterns of traffic fatalities by road 
user group in a subset of high-income countries (Section 3.3).  Then formal models 
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are developed to explain the annual number of pedestrian and occupant fatalities 
occurring within a country (Section 3.4).  Reduced-form specifications of the models 
are estimated using panel data for 1964-2002 from a subset of the high-income 











As countries develop death rates usually fall, especially for diseases that affect 
the young and result in substantial life-years lost.  Deaths due to traffic accidents are a 
notable exception: the growth in motor vehicles that accompanies economic 
development usually brings an increase in road traffic accidents.  Indeed, the World 
Health Organization has predicted that traffic fatalities will be the sixth leading cause 
of death worldwide and the second leading cause of disability-adjusted life-years lost 
in developing countries by the year 2020 (Murray and Lopez, 1996).   
Table 2.1 highlights the increasing importance of the problem in selected 
developing countries.  For example, between 1975 and 1998, road traffic deaths per 
capita increased by 44% in Malaysia and by over 200% in Colombia and Botswana.   
The situation in high-income countries is quite different.  Over the same period, 
traffic fatalities per person decreased by 60% in Canada and Hong Kong, and by 
amounts ranging from 25% to 50% in most European countries.  This reflects a 
downward trend in fatality risk (deaths/population) that began in most OECD 
countries in the early 1970’s and has continued to the present. 
These facts suggest two questions.  The first deals with how traffic fatalities 
per person change as countries develop.  Specifically, is there a recognizable pattern 
between growth in per capita income and traffic fatalities?  In the literature on 
environmental externalities one finds that some pollutants (e.g., ambient particulate 
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matter) at first increase with income, reach a peak, and then decline.  If a similar 
pattern holds for the death rate due to traffic fatalities, what does it imply about the 
future course of fatalities in developing countries?   
To answer these questions, this chapter examines how the fatality risk 
(fatalities/population) associated with traffic accidents changes as countries grow.  
Despite the extensive road safety literature that has developed in the U.S. and Europe, 
there has been surprisingly little empirical research explaining how traffic fatality 
rates change as a country develops.1  The topic is of interest for two reasons.  
Documenting the relationship between road safety and economic development and 
examining its implications for developing countries provides an important first step in 
dealing with what is a serious public health problem.  For planning purposes it 
important to forecast the growth in traffic fatalities.   Equations relating fatality risk to 
per capita income can be used to predict traffic fatalities by region.  These forecasts 
should alert policymakers to what is likely to happen if measures are not enacted to 
reduce traffic accidents. 
A second motive for the work comes from the literature on Environmental 
Kuznets Curves (Grossman and Krueger, 1995).  This literature examines the 
relationship between environmental externalities, such as air and water pollution, and 
economic growth.  A focus of this literature has been in identifying the income levels 
                                                 
1 One exception is the literature on Smeed’s “Law” which asserts that fatalities per 
vehicle are inversely related to vehicles per capita. Several studies (Smeed, 1949; 
Jacobs and Cutting, 1986) have found the elasticity of fatalities per vehicle with 
respect to vehicles per capita to be about -0.66; hence the relationship has been 
elevated to the status of a “law.”  A few cross-country studies focusing on the effect 
of income on traffic fatality rates have appeared in the epidemiology literature (Van 
Beeck et al., 2000) but most are based on a single cross section.  
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at which externalities begin to decline.  Road traffic fatalities are, indeed, an 
externality associated with motorization, even though a portion of road traffic 
accident costs are internalized by drivers (e.g., own injury risk to drivers).  The 
external cost of traffic accidents is especially large in developing countries where 
pedestrians and bicyclists comprise a large share of casualties and motorists are often 
not insured.2  It is of interest to examine the income level at which the traffic fatality 
risk historically has begun to decline and to compare this with the pattern observed 
for other externalities.   
I investigate these issues by estimating equations for the motor vehicle death 
rate (fatalities/population) and for its two components – the rate of motorization 
(vehicles/population) and fatalities per vehicle (F/V)3 – using panel data from 1963-
99 for 88 countries.  I estimate fixed effects models in which the natural logarithm of 
F/P, V/P and F/V are expressed as quadratic and spline functions of per capita 
income.  Time trends during the period 1963-99 are modeled in several ways.  The 
coefficient estimates from these models are then used to project traffic fatalities and 
the stock of motor vehicles to 2020.   
The chapter is organized at follows.  Section 2.2 provides a brief discussion of 
the extension of the Environmental Kuznets Curve hypothesis to road safety.  Section 
                                                 
2 Studies that have focused on quantifying the magnitude of the accident externality 
per mile in the U.S. and several European countries include Delucchi et al. (1997), 
Jones-Lee (1990), Mayeres et al. (1996), Newbery (1988), and Persson and Odegaard 
(1995).  
3 Traffic fatality risk may also be expressed as the product of fatalities per distance 
traveled and distance traveled per person.  Lack of reliable time-series data on 
distance traveled, especially for developing countries, prevents using this measure for 
the analysis.  
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2.3 describes the econometric models and data used in the analysis.  Section 2.4 
presents trends in fatality risk (F/P), motorization rates (V/P), and fatalities per 
vehicle (F/V) for various countries and summarizes the estimation results.  The road 
traffic fatality projections are developed in Section 2.5.  Section 2.6 concludes.  
 
2.2 The Environmental Kuznets Curve Hypothesis  
 
A logical framework for investigating the questions posed above comes from 
the literature on Environmental Kuznets Curves (Grossman and Krueger, 1995; 
Shafik and Bandyopadhyay, 1992; Seldon and Song, 1994).  This literature examines 
the relationship between environmental externalities, such as air and water pollution, 
and economic growth.  According to the EKC hypothesis, environmental quality 
declines during early stage of economic development but improves in later stages.  
This is usually depicted as an inverted U curve between pollutants and per capita 
income, similar to the relationship Simon Kuznets (1955) suggested to exist between 
income inequality and per capita income.  Although EKC results have been 
misinterpreted by some policy analysts to suggest that countries will naturally grow 
out of their environmental problems (Beckerman, 1992; Bartlett, 1994), there is no 
reason to believe that the process is an automatic one (Grossman and Krueger, 1995).   
The EKC describes a statistical relationship but does not explain why the 
inverted U shape occurs.  For this reason, the literature has often been criticized for 
offering limited insight into the mechanisms that explain the decline in pollutants 
after certain income levels, arguing that without an explicit consideration of the 
underlying determinants of environmental quality, there is little scope for policy 
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intervention.  Some studies have taken steps to provide a deeper analysis of the 
income-environment relationship by decomposing the income effect into its scale, 
composition, and abatement (or “technique”) components.   
In the case of a common air pollutant such as total suspended particulates 
(TSP), the traditional EKC “decomposition” is as follows.  Total emissions per 
population is written as: TSP Emissions/Population ≡ (TSP Emissions/Manufacturing 
Output)*(Manufacturing Output/GDP)*(GDP/Population).  The first term in the 
equation is the abatement effect, the second the composition effect and the third the 
scale effect.   According to the “composition” effect, the EKC relationship occurs as a 
result of the changing composition of economic activity that accompanies 
development; economies shift from clean agrarian activities to more pollution 
intensive manufacturing activity to clean service industries (Arrow et al., 1995).   
Hilton and Levinson (1998) simplify the “decomposition” to only a scale and 
abatement (also called “intensity”) component.  In the example above, this would 
reduce the emissions rate to: TSP Emissions/Population ≡ (TSP 
Emissions/Output)*(Output /Population).  The “scale” of pollution activity 
(Output/Population) increases with economic growth—wealthier countries (with 
more polluting activity) generate more pollution—but since environmental quality is 
a normal good, citizens will demand cleaner environments as incomes increase and, 
hence, regulations will be adopted to reduce the emissions per unit of output, the 
“intensity” of the polluting activity. 
In examining the behavior of the death rate from traffic crashes, it is 
straightforward to break down the relationship between the traffic death rate and per 
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capita income into a “scale” and “intensity” effect.  The death rate, 
Fatalities/Population, may be expressed as the product of vehicle distance traveled per 
capita and the number of deaths per distance traveled.  Measuring distanced traveled 
by total vehicle kilometers (VKT), fatalities per capita may be written as: 
(2.1) Fatalities_   ≡      Fatalities      *   ____VKT_____    
Population            VKT          Population 
 
The consumption (or “scale”) of transportation services (as measured by 
VKT/population) increases with economic activity but if road safety, like 
environmental quality, is a normal good, demand for road safety will increase as 
incomes rise and, policies will be adopted to reduce Fatalities/VKT, the risk 
“intensity” associated with driving.  Therefore, a Kuznets curve for the traffic death 
rate implies that at low levels of income the first effect dominates – the income 
elasticity of VKT/population will exceed that of Fatalities/VKT – causing 
Fatalities/Population to increase.  At higher incomes, the reverse occurs; the income 
elasticity of Fatalities/VKT exceeds in absolute value the income elasticity of VKT 
per person, causing the road traffic death rate to fall.4    
 
2.3 Methodology and Data 
2.3.1 Statistical models of fatalities and vehicle ownership  
                                                 
4 Hilton and Levinson (1998) recently examined a similar decomposition of the EKC 
for the case of automotive lead emissions.  Also, since traffic deaths, like automotive 
emissions, are a result of a consumption activity (driving) the finding of an EKC for 
these externalities are not subject to the common criticism that the downward sloping 
portion of the Kuznets curve is a result of locational displacement, or pollution haven 
effects (Suri and Chapman, 1998). 
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I examine the relationship between the road death rate and economic 
development and separate the scale and technique effects of growth by estimating the 
relationship between each of the terms in equation (2.1) and per capita income using 
panel data from 1963-99 for 88 countries.  In order to include a broad range of 
countries, however, VKT must be replaced by the vehicle stock (V)5 and all factors 
affecting fatality risk are proxied by the economic development of a country, as 
measured by per capita GDP.   I estimate equations for Fatalities/Population (F/P), 
Vehicles/Population (V/P), and Fatalities/Vehicles (F/V), using reduced form 
statistical models of the general form: 
(2.2)   ln(Z)it = ai + G[ln(Yit)] + H(t) + εit 
where Zit = F/P (fatalities/10,000 persons), V/P (vehicles/10,000 persons), or F/V 
(fatalities/10,000 vehicles) in country i in year t, Y = Real Per Capita GDP (measured 
in 1985 international prices), ai is a country-specific intercept, and G and H are 
functions.  Two specific forms of G are used, a quadratic specification (equation 
(2.3)) and a spline (piecewise linear) specification (equation (2.4)): 
 (2.3)   ln(Z)it = ai + b lnYit + c (lnYit)2 + H(t)  + εit   
 (2.4)   ln(Z)it = ai + b lnYit + Σs [csDs(lnYit – lnYs)] + H(t) + εit 
where Ds is a dummy variable = 1 if Yit is in income category s+1, and Ys is the 
cutoff income value between the s and s+1 income group.   
By allowing the slope of the fatality risk-income relationship to vary by 
income interval, the spline offers a great deal more flexibility than a quadratic 
                                                 
5 The correlation between VKT and number of vehicles for countries with available 
data on both variables exceeds 0.975.   
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function.  Following Schmalensee et al. (2000), in equation (2.4) the observations are 
divided into 10 income groups with an equal number of observations in each spline 
segment.  The results are not qualitatively different if fewer or more income segments 
are specified.  (Regression results using different segmentations are presented Section 
A.7 in Appendix A.)  Another issue in model specification is whether or not the same 
functional form of income applies to different groups of countries (e.g., high-income 
versus low-income countries).  Although it is difficult to test this statistically using 
the spline specification, this concern is addressed in Section A.8 in Appendix A.   
The inclusion of a time trend, H(t), eliminates any spurious correlation that 
may exist between per capita income and fatality risk over time.  In addition, H(t) 
captures the effect of any trends in technology and driver behavior that are unrelated 
to income.  Four different forms of H(t) are used: (1) a common linear time trend; (2) 
a common log-linear time trend (ln t); (3) regional, linear time trends; and (4) 
regional, log-linear (ln t) time trends.6,7   
For purposes of defining time trends, the countries are divided into two 
groups:  highly developed countries (HD1)—i.e., countries that have a Human 
Development Index in 1999 of 0.8 or greater—and all other countries (HD2).8   In 
                                                 
6 Income coefficient estimates from models using time dummies are similar to those 
using a common time trend. Results using time dummies are displayed in Section A.5 
of Appendix A. 
7 Although time trends are rarely assumed to be log-linear, this specification is 
appropriate if the effect of technological changes on fatality rates diminishes over 
time.   
8 The United Nations Human Development Index measures per capita income, life 




practice, this division of countries (shown in detail in Table A.1 of Appendix A) 
corresponds closely to highly-motorized countries versus other countries.  All HD1 
countries are treated as a single region for the purposes of computing time trends.  
HD2 countries, in turn, are classified according to region.  Table 2.2 shows the 
number of countries in each geographic region, for both HD1 and HD2 countries. 
The inclusion of country-specific intercepts in equations (2.3) and (2.4) 
implies that the impact of income on the fatality rate will reflect within- rather than 
between-country variation in ln(F/P) and ln(Y).  This is desirable for two reasons.  
For the purposes of predicting future trends in F/P it is more desirable to rely on 
within-country experience rather than on largely cross-sectional variation in income 
and fatality risk.  Using only cross-country variation to predict the future pattern of 
traffic fatalities is equivalent to saying that once Indonesia reaches the income level 
of Greece, its road safety record will mirror that of Greece.  The second reason is that 
countries differ in their definition of what constitutes a traffic death and in the 
percentage of deaths that are reported.  (This topic is discussed more fully in Section 
2.6.2.)  To the extent that the degree of under-reporting remains constant over time 
but varies across countries it will not affect estimates of the impact of economic 
growth on fatality risk.9 Since Hausman specification tests suggest that the individual 
effects are correlated with the explanatory variables (see Tables 2.5-2.7), fixed effects 
rather than random effects estimation is performed in all cases. 
                                                 
9 To illustrate, when equation (2.3) is estimated using country-specific intercepts, the 
coefficients b and c reflect within-country variation in fatalities and income.  
Multiplying country i’s fatality rate by a constant to reflect under-reporting would not 
change the estimates of b and c. 
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2.3.2 Data sources 
Equations (2.3) and (2.4) are estimated using panel data for 88 countries for 
the period 1963-99.   To be included in the dataset a country must have at least 10 
years of data on traffic fatalities.  Table A.1 lists the countries used to estimate the 
models and the number of years of data that are available for each country.  
Population data come from the U.S. Census Bureau’s International Data Base and 
income data are taken from the World Bank Global Development Network Growth 
Database Macro Time Series.  To account for differences in purchasing power across 
countries and allow for comparisons over time, per capita income is measured by real 
per capita GDP, chain method (1985 international prices).10,11 The data on traffic 
fatalities and vehicles come primarily from the International Road Federation World 
Road Statistics annual yearbooks, which have been supplemented by and cross-
checked against various other sources.  The sources of fatality and vehicle data are 
described more fully in Section A.1 and A.2 of Appendix A.  Table 2.3 contains 
descriptive statistics for all variables.  
 
 
                                                 
10 This series was created from the Penn World Tables 5.6 RGDPCH variable for 
1960-1992 and the 1992-1999 data were estimated using the 1985 GDP per capita 
and GDP per capita growth rates from the Global Development Finance and World 
Development Indicators.   
11 One issue with using PPP-adjusted income series in panel data analysis should be 
noted.  Between 1963 and 1999, only the numeraire country will have 37 independent 
data points.  For each of the other countries, there are only as many independent data 
points as there were PPP surveys for that particular country (approximately 6 to 10 
for most countries in the present sample).  The values for the remaining observations 




2.4.1 Plots of dependent variables versus income 
Figures 2.1 through 2.5 plot each of the three dependent variables against per 
capita income for the countries in the dataset.  The plots show how these quantities 
vary with income both within and across countries, foreshadowing the results in 
Tables 2.5 through 2.7 (discussed below).   
It is widely recognized that the motorization rate rises with income (Ingram 
and Liu (1999), Dargay and Gately (1999), Button et al. (1993)), implying that one 
should find large differences in vehicles per capita across countries at different stages 
of development and within countries as per capita incomes grow.  Table 2.4 presents 
data on motorization rates for various countries in 1999.  Figure 2.1 plots the 
motorization rates for these countries against per capita income, pooling data from all 
countries and years, while Figure 2.2 shows how motorization rates have grown with 
income over time for a sample of countries.  
The cross-sectional variation in motorization rates in Table 2.4 is striking.  In 
1999 vehicles per capita ranged from a high of 780 per 1,000 persons in the United 
States to fewer than 30 per 1,000 persons in countries such as Pakistan and Nigeria.  
High-income countries tend to have more vehicles per capita than lower income 
countries, but there are important exceptions.  Low motorization rates in Hong Kong, 
Singapore, Chile, and Costa Rica are notable outliers.12  Figure 2.1, which plots data 
                                                 
12 The low motorization level in these countries could reflect physical limitations in 
the case of Hong Kong and Singapore and highly mountainous topography in the case 
of Chile and Costa Rica.  These country characteristics will be accounted for in the 
fixed effects estimation.  
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on V/P for all countries and years in the dataset, suggests that, overall, motorization is 
strongly correlated with income.  The within-group variation in motorization varies 
from country to country, however, as shown in Figure 2.2.  Growth in vehicle 
ownership appears to have slowed down (but not declined) in many high-income 
countries such as Norway, Australia, Hong Kong, and the United States.  In countries 
experiencing lower levels of per capita GDP such as Greece, Malaysia, and Thailand, 
however, vehicle fleets have continued to expand rapidly with income. 
Fatalities per vehicle, by contrast, appear to decline steadily with income, at 
least after some low level of income, and then reach a floor.  Both Figure 2.3, which 
plots the fatality rate (F/V) against income using data for all countries and years, and 
Figure 2.4, which shows how F/V has changed with income over time for a sample of 
countries, attest to this fact.13  In part, the sharp decline in F/V with income reflects 
that, as income rises, a higher percentage of travelers are vehicle passengers rather 
than pedestrians, and thus, are less likely to die in the event of a crash.14  It also may 
reflect the move to safer vehicles (e.g., from two-wheelers to four-wheelers), safer 
roads, and changing attitudes toward risk as incomes grow. 
The foregoing data suggest that one would expect to see motor vehicle fatality 
risk (F/P) first increase and then decrease with income.  Figure 2.5, which plots F/P 
versus income for all years and countries in the dataset, supports this inverted U-
                                                 
13The fatality figures used in Figures 2.3 - 2.5 have not been adjusted for 
underreporting of road deaths.  Thus, F/V and F/P levels in developing countries may 
be underestimated.  
14 This point was first publicized by Smeed (1949), who demonstrated that F/V 
declines as V/P increases. 
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shaped pattern.  As incomes grow and vehicle fleets increase during initial stages of 
development, traffic fatality risk tends to worsen.  At higher income levels, however, 
as growth in motorization slows and governments and individuals invest more in road 
safety, the decline in F/V drives the death rate (F/P) down.   
2.4.2 Estimates of fatalities per capita 
 
Table 2.5 summarizes the estimates of 8 specifications formed by combining 
the quadratic and spline functions with 4 methods of treating time trends.  The table 
shows the income elasticities for each spline interval as well as the time trend 
coefficients for each model.  The Durbin-Watson statistics indicate the need to correct 
for autocorrelation in all equations.15  The standard errors have been adjusted to 
account for serial correlation in disturbances within countries over time, as well as for 
heteroskedasticity.16 To give a more complete picture of the model results, Figures 
2.6 and 2.7 plot F/P as a function of per capita income.17  Figure 2.6 shows the 
quadratic and spline models with a common time trend while Figure 2.7 plots the 
quadratic and spline models with region-specific time trends.   
                                                 
15 The Durbin Watson statistic was calculated using a STATA program (xtdw) written 
for calculating DW statistics in fixed effects panel data models (Nunziata, 2002), 
following Baltagi (1995), page 94.  The DW statistic is less than the lower bound 
critical value in all regressions, indicating the presence of positive within-panel serial 
correlation in the disturbances.  
16 This procedure is theoretically justified when the number of panels is large (Liang 
and Zeger, 1986).  Recent studies of finite sample properties of robust variance 
matrix estimators find that this fully robust variance estimator works reasonably well 
in the context of fixed effects estimation and panel data even when the number of 
panels is not especially large relative to the length of each panel (Wooldridge, 2003). 
17In both figures, F/P results are displayed using the country intercept for India with 
the time trend set equal to 1999.  
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Several results are worth emphasizing.  It is clear from examining Figures 2.6 
and 2.7 that the relationship between per capita income and the fatality rate is quite 
similar (holding the treatment of time constant) whether one uses the quadratic or 
spline function.  When a common time trend is assumed F/P begins to decline at an 
income of $4,800-$5,400 using the quadratic specification and at an income of $6,100 
with the spline model.  When region-specific time trends are included F/P begins to 
decline at an income of $5,700-$10,800 in the quadratic model and at an income of 
$8,600 in the spline model.  In both figures, the two models are almost identical at 
low levels of income; however, the fatality rate peaks at a higher level of income in 
the spline model (except in the spline specification with linear regional time trends) 
and falls faster than in the quadratic model after it peaks.  Despite common practice in 
the Kuznets curve literature to estimate quadratic (or higher order polynomial) 
functions of income, since the spline is a more flexible functional form, I focus on the 
spline results in Table 2.5.18    
In the spline specification, the income levels at which the death rate first 
declines are higher when region-specific time trends are included in the models rather 
than a common time trend.  For example, F/P begins to decline at approximately 
$8600 in the spline models with region-specific time trends but at approximately 
$6100 in the spline models with a common time trend (although the income elasticity 
is not statistically significant for incomes in the $6,100-$8,600 range in the common 
                                                 
18 Sensitivity of the turning point to various subsets of the sample is summarized in 
Section A.5 and Table A.5 of Appendix A.  In the quadratic specification of income 
with logged, region-specific time trends, the turning point estimate is generally robust 
to variations in the sample.  Using the spline specification of income, the turning 
point increases (to as high as $9,700) for a few subsets of the sample.       
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time trend case).19 This reflects the fact that, in many developing countries, fatality 
risk over the period 1963-99 grew faster than could be explained by income growth 
alone.  Because the time trends are found to be significantly different across regions, 
more emphasis should be placed on these models than on models with a common 
time trend. 
In the spline models with region-specific time trends, the income level at 
which traffic fatality risk (F/P) first declines is $8,600 (1985 international prices), 
regardless of how the regional time trends are specified.  This is the approximate 
income level attained by countries such as Belgium, the United Kingdom, and Austria 
in the early 1970s, South Korea in 1994, and New Zealand in 1968.  However, the 
income elasticity for per capita incomes up to $8,600 is larger when the time trends 
enter in linear form.   Thus, the maximum fatality risk is over 60% higher than the 
level reached if the time trends enter the model in log-linear form.20   
Whether the time trends enter the models linearly or in log-linear form, the 
differences in trends across regions are generally similar.  Over the estimation period 
                                                 
19 As shown in Table A.6 of Appendix A, the income range of the estimated turning 
point is fairly robust to using a different number of spline segments. When using 8, 9, 
11, or 12 spline intervals, the income elasticity becomes negative for incomes greater 
than $6,800 – 7,700, but generally is not statistically significant until income exceeds 
$9,200. There is no real difference in the turning point between common linear trend 
and logged region-specific time trend cases; except in the case of 9 intervals, the 
elasticity is significant for incomes exceeding $7,700 with the common time trend but 
is only statistically significant for incomes over $10,400 with the logged region-
specific trends.     
20 This difference is clearly seen in Figure 2.7.  Including higher-order polynomials of 
the time trend  t may help to resolve the large discrepancy. The log-linear function 
constrains coefficients on higher-order terms to be equal, whereas the linear 
specification assumes coefficients on higher-order terms to be zero.   
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(1963-99) fatality risk grew fastest in India and in Latin America (holding income 
constant), and almost as fast in Sub-Saharan Africa as in Latin America.  Fatalities 
per capita also increased nearly as fast in the East Asia and Pacific region as in Latin 
America when log-linear time trends are specified.  By contrast, (holding income 
constant) F/P declined in high-income countries.  Results for other regions are 
statistically insignificant in at least some specifications.    
In the Kuznets Curve literature it is standard practice to focus on the income 
level at which the externality in question begins to decline.  The usual interpretation 
is that, if a country follows historical trends, the problem in question will eventually 
lessen once per capita income reaches this turning point.  Because the spline is a more 
flexible functional form, I focus on the spline results in Table 2.5.  The income levels 
at which fatalities per person peak in the spline models, $6100 and $8600 (1985 
international dollars) are within the range of incomes at which Kuznets curves for 
common air and water pollutants peak (Grossman and Krueger, 1995).  To better 
understand why this occurs, and to help distinguish between the two specifications of 
the time trend, the next sections examine the corresponding models for the two 
components of the death rate – vehicles per capita (V/P) and fatalities per vehicle 
(F/V).  
2.4.3 Estimates of vehicles per capita 
Models for vehicles per capita (V/P) are summarized in Table 2.6 and Figure 
2.8.  Table 2.6 shows how motorization (V/P) varies with income in the both the 
quadratic and spline models.  The discussion, however, focuses on the spline models.  
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Figure 2.8 plots the four spline models using the country intercept for India, with the 
time trend set equal to 1999. 
The spline model with log-linear region specific time trends is the preferred 
specification for the following reasons.  Of the four spline models in Table 2.6, only 
two (Models 6 and 8) show vehicles per capita increasing with per capita income at a 
decreasing rate for all relevant values of per capita income. This result occurs when 
time is entered in a log-linear fashion; when it enters the motorization equation 
linearly, V/P peaks at a value of income observed in the data, and begins to decline 
with income for per capita GDP exceeding $8,600. The time trend associated with 
vehicle ownership is large and positive.  The log-linear time trend thus seems to yield 
more reasonable results than the linear.  Of the two models with log-linear time 
trends, only the model with regional log-linear time trends yields non-negative 
income elasticities for all levels of income and the equality of time trends across 
regions is statistically rejected; hence I focus on this model. 
The preferred model of vehicle ownership (Model 8), which together with 
models of fatalities per vehicle provides a check on the validity of the fatality results, 
accords with results in the literature.  Elasticities based on the model with log-linear 
time trends are consistent with previous studies of motorization, which find that the 
income elasticity of demand for motor vehicles declines with income (Ingram and 
Liu, 1998; Dargay and Gately, 1999; Button et al., 1993).  In Model 8, the income 
elasticity of vehicle ownership attains a maximum value of 1.67 in the second spline 
segment ($946 - $1,535 (1985 international dollars)) and decreases to a low of 0.18 in 
the highest income category.  Above the lowest income category, income elasticities 
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in income categories 2 through 5 are significantly higher than income elasticities in 
income categories 7 to 10.21  Figure 2.8 suggests that the rate of increase in 
motorization slows down considerably after reaching a per capita income of $9,400 
(1985 international dollars), the level of income attained by Norway and the United 
Kingdom in 1974.   
2.4.4 Estimates of fatalities per vehicle  
Table 2.7 and Figure 2.9 confirm that fatalities per vehicle decline sharply 
with income.  Focusing once again on the spline models with log-linear time trends 
(Models 6 and 8), F/V declines with income for per capita GDP in excess of $1,180 
(1985 international dollars), the per capita income of Mozambique, Ghana, and 
Cameroon in 1999 and India in the mid-1980s.  Figure 2.9, which plots the four spline 
models for India (year = 1999) indicates exactly how fast F/V declines as income 
grows.  Fatalities per vehicle fall by a factor of 3 (e.g., from 360 to 120 per 100,000 
vehicles for India) as per capita income grows from $1200 to $4400.  After reaching a 
per capita income of $15,200 (1985 international dollars), the approximate income of 
the United States in the early 1980s and Switzerland in 1986, F/V declines very 
slowly in absolute terms: from 25 per 100,000 vehicles at an income of $20,000 to 15 
per 100,000 vehicles at an income of $30,000.  By contrast, with linear time trends, 
the estimated income elasticity of fatalities per vehicle is smaller in magnitude and 
statistically insignificant in most spline segments. 
                                                 
21 Income elasticity estimates generated from a two-segment spline model are 
statistically different from each other, decreasing from 1.32 (0.240) to 0.719 (0.219) 
once per capita income exceeds $4,682 (1985 international dollars).  
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Combining the results of the models for F/V and for V/P explains the results 
for deaths per capita observed in Figure 2.7.  The elasticity of V/P with respect to 
income exceeds in absolute value the elasticity of F/V with respect to income for 
incomes up to $7,000-$9,000, where the two elasticities are approximately equal—the 
condition for (F/V)*(V/P) to peak.22  This is the income range reached by countries 
such as Austria, Finland, Norway, and the United Kingdom in the early 1970s and 
Malaysia and Greece in the late 1990s.  At higher incomes, the elasticity of fatalities 
per vehicle with respect to income exceeds the elasticity of motorization with respect 
to income. This is consistent with the coefficients reported in Model 8 of Table 2.5, 
which show the income elasticity of the death rate decreasing from 1.253 at the 
lowest levels of income to  –0.996 once per capita income exceeds $13,500.   
 
2.5  Future Trends in Motorization and Road Safety 
 2.5.1   Methodology for projecting vehicle usage and traffic fatalities   
One reason for estimating the preceding models is to predict what will happen 
to traffic fatalities if historic trends continue.  Results from Kuznets curve studies 
have rarely been used for forecasting purposes, which raises the question of their 
usefulness in policy discussions.  Although an EKC relationship is not to be viewed 
as an inevitable consequence of income growth, the estimated income elasticities can 
be used to suggest what trends can be expected in the future, assuming that, as 
developing economies continue to grow, they will adopt road safety policies at the 
                                                 
22 This comparison is approximate since the width of the income intervals differs in 
Tables 2.6 and 2.7. 
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same rate as high-income countries did.  These forecasts provide policymakers with a 
baseline scenario of what is likely to happen if historic trends continue. 
Perhaps one reason that most EKC studies avoid making predictions is 
because they are predominantly based on polynomial specifications of income, which 
are notoriously unreliable in out-of-sample predictions.23  The use of a flexible, spline 
specification of income, however, alleviates this problem to some degree, and 
prevents a third order polynomial term, for example, from significantly distorting the 
out-of-sample predictions for high-income countries.24  Schmalensee et al. (2000) 
base their projections of CO2 emissions on a spline specification for this reason as 
well.        
Future traffic fatalities can be predicted directly from equation (2.2), i.e., by 
predicting future fatality rates (F/P) and multiplying by estimates of future 
population, or by predicting vehicle ownership, V, from the V/P equation and 
multiplying the vehicle stock by fatalities per vehicle.  The second method serves as a 
check on the first since more is known about vehicle ownership.  In particular, one 
                                                 
23 Another reason pertains to the nature of the externality in question.  According to 
the pollution haven theory, the downward sloping part of some EKCs is due to 
pollution intensive industries being exported to low-income countries.  If there are no 
lower-income countries to which these activities may be passed on then it will be 
impossible to expect the poorest countries to experience improvements in 
environmental quality at the same rate as high-income countries did.  This argument 
does not pertain to externalities resulting from a consumption activity such as driving, 
and is, thus, irrelevant to the present analysis.      
24 Grossman and Krueger (1995) find that the EKC turns back up again at high 




can reject models that yield unbelievably high rates of vehicle ownership; e.g., 
ownership significantly in excess of one vehicle per person in the year 2020. 
To project future vehicle ownership and traffic fatalities assumptions must be 
made about income and population growth.  The real per capita GDP series is 
projected to 2020 using the World Bank’s forecasts of regional growth rates (2000-
2010) (Global Economic Prospects, 2002) with the assumption that the average 
annual 2001-2010 growth rates continue through 2020.  A list of the growth rates is 
provided in Table 2.8.  Population projections are taken from the U.S. Census 
International Data Base.  In total, the explanatory variables are available for 156 
countries (representing 92% of total world population in 2000), including 45 highly 
developed countries (HD1) and 111 developing countries (HD2).  Table 2.2 shows 
the number of countries in each geographic region for which predictions are made. 
To calculate the point estimates for the out-of-sample countries, assumptions 
must be made regarding the country-specific intercept.  The coefficient on the country 
dummy variable for Chile is used to compute the predicted values for the 10 out-of-
sample HD1 countries.25  For the HD2 countries, the intercept is set equal to the mean 
of the country intercepts for the corresponding region.   
2.5.2   Projections of the world vehicle fleet to 2020 
I begin by examining the implications of the models in Table 2.6 for future 
growth in vehicle ownership.  Figure 2.10 displays projections of the vehicle fleet 
corresponding to all 8 models in Table 2.6.  Not surprisingly, it is the form of the time 
                                                 
25 The choice of Chile is motivated by the fact that the most populous out-of-sample 
HD1 countries for which predictions must be made are Argentina and Uruguay. 
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trend, rather than the choice between the spline and quadratic specifications, that 
makes the greatest difference in the projections.  Both the spline and quadratic models 
with linear regional time trends yield unbelievably large estimates of the world motor 
vehicle stock in 2020, as well as estimates of vehicle ownership per capita for certain 
groups of countries that are well over 1.  For this reason I focus on the spline models 
with log-linear time trends.  The model with region-specific log-linear time trends 
(Model 8) generates forecasts of 1.47 billion vehicles in 2020, whereas the vehicle 
stock is predicted to be over 1.37 billion vehicles when a common log-linear time 
trend is used (Model 6).26  
Vehicle projections based on these models agree fairly well with other 
estimates of vehicle growth in the literature.  Dargay and Gately (1999) project that 
the total vehicle fleet in OECD countries will reach 705 million by 2015 (a 62% 
increase from 1992 values).  The spline model (with the common time trend or the 
log-linear regional time trends) yields a 2015 estimate of 687 million vehicles for the 
same group of countries. 
Other studies have made projections of vehicle growth for the automobile 
fleet only or for passenger cars and commercial vehicles.  Since the motor vehicle 
counts here include all buses and two-wheelers, direct comparisons with these studies 
is difficult.  However, vehicle fleet estimates based on the V/P results do exceed their 
automobile forecasts under all specifications.   Under Schafer’s (1998) results, the 
global automobile fleet would more than double from 470 million in 1990 (this 
                                                 
26 The corresponding quadratic models give almost identical vehicle projections but I 
continue to focus on the more flexible spline specifications.   
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includes light trucks for personal travel in the U.S.) to 1.0-1.2 billion automobiles in 
2020.  This amounts to a 113%-155% increase in total automobiles.  The spline 
model with log-linear regional time trends generates a 140% increase in the total 
vehicle fleet during the same period (from 609 million to 1.47 billion total vehicles).  
Because it yields reasonable predictions of the vehicle fleet, as well as reasonable 
income elasticity estimates, the focus remains on the spline model with regional, log-
linear time trends.  
2.5.3   Projections of world traffic fatalities to 2020 
Figure 2.11 shows predictions of road traffic fatalities for all countries to the 
year 2020, based on the spline model for F/P with log-linear regional time trends.  
Ninety-five percent confidence levels for the predictions also appear on the graph.27  
The estimates indicate that total road traffic fatalities will increase from 539,000 
(95% C.I.: 459,000, 640,000) in 2000 to over 864,000 (95% C.I.: 706,000, 1,070,000) 
by 2020.28  Note these projections assume that the income elasticity estimated for the 
observations in the highest spline interval also apply at higher income levels.  
It must be emphasized that these predictions represent traffic fatalities 
unadjusted for under-reporting.  To compare these figures with fatality risks from 
                                                 
27The model generates point estimates of the log of the fatality risk 
(ln(Fatalities/10,000 People)).  The confidence intervals for the predicted values of 
ln(Fatalities/10,000 People) are symmetric, but the forecast intervals for the total 
number of fatalities are not. These intervals are computed as the predicted value +/- 
1.96 times the estimated standard error. 
28 Projections based on the ln(F/V) and ln(V/P) equations yield similar estimates.  
That is, if future fatalities are calculated by first predicting the vehicle stock, V, from 
the ln(V/P) equation and then multiplying V by fatalities per vehicle (predicted from 
the ln(F/V) equation), the global road death toll is expected to increase from over 
510,000 in 2000 to 790,000 by 2020.  
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other causes of death, it is necessary to adjust for the fact that (a) the definition of 
what constitutes a traffic fatality differs across countries and (b) the percentage of 
traffic fatalities reported by the police also varies across countries. 
The under-reporting adjustments follow the conservative factors used by 
Jacobs, Aeron-Thomas and Astrop (2000).29  To update all point estimates to the 30-
day traffic fatality definition,30 a correction factor of 1.15 is applied in the developing 
countries and the standard ECMT correction factors are used for the high-income 
countries.31  The estimates are then adjusted to account for general under-reporting of 
traffic fatalities, by 25% in developing countries and by 2% in highly developed 
countries.32  With these adjustments, global road deaths are projected to climb to over 
1.2 million by 2020 (a 40% increase over the base estimate of 864,000).  
Although this represents a 66% increase from the 2000 world estimate, the 
trend varies considerably across different regions of the world.  Table 2.9 and Figure 
2.12 indicate that, between 2000 and 2020, fatalities are projected to increase by over 
80% in developing countries, but decrease by nearly 30% in high-income countries.  
                                                 
29Jacobs et al. (2000) reviewed numerous underreporting studies and found evidence 
of underreporting rates ranging from 0-26% in highly motorized countries and as high 
as 351% in less motorized countries.  Fatalities in China, for example, were 42% 
higher in 1994 than reported in official statistics (Liren, 1996).   
30 The standard international definition of a traffic fatality is a death that occurs 
within 30 days as a result of a traffic accident. Correction factors are applied to death 
statistics to account for countries using different reporting procedures.  
31 High-Income countries with ECMT correction factors greater than 1 include: 
France: 1.057, Italy: 1.07, Portugal: 1.3, Japan: 1.3 (ECMT, 1998, 2000, 2001). 
32 The 25% under-reporting adjustment is applied to 111 HD2 countries and the 2% 




Within the developing world, the greatest percentage increases in traffic deaths 
between 2000 and 2020 will occur in South Asia (144% increase), followed by East 
Asia and Sub-Saharan Africa (both showing an 80% increase).  It is also interesting to 
note that the number of traffic fatalities per 100,000 persons is predicted to diverge 
considerably by 2020.  By 2020 the fatality risk is predicted to be less than 8 in 
100,000 in high-income countries but nearly 20 in 100,000 in low-income countries. 
2.5.4   Implications of traffic fatality projections 
The forecasts presented here are significantly lower than the World Health 
Organization’s (WHO) 1990-2020 estimates of road traffic fatalities presented in The 
Global Burden of Disease (GBD) (Murray and Lopez, 1996).  WHO estimates that 
1.39 million people would die in road traffic accidents in 2000 and that 2.34 million 
would die in 2020.  The reason for the higher figures is that WHO started from a 
higher base (999,000 deaths in 1990).  In part, the high GBD base estimate for 1990 
may be due to severe data limitations in developing regions.  For example, 1990 
estimates for the entire Sub-Saharan Africa (SSA) region were based only on data 
from South Africa (Cooper et al., 1997; Jacobs et al., 2000).  South Africa has by far 
the highest reported fatality risk (F/P) of nearly 20 SSA countries for which I have 
1990 data.  Even after adjusting predicted values for non-reporting and under-
reporting of fatalities, the SSA estimate in Table 2.9 is 59,150 deaths for 1990 
whereas the GBD baseline is 155,000 for the same year.  Despite such large 
differences between these 1990 estimates and theirs, Murray and Lopez predict that 
global traffic fatalities will grow at approximately the same rate as the present 
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projections.  (Fatalities grow by 62% between 2000 and 2020 according to WHO and 
by 66% according to the estimates in Table 2.9.)   
I believe that Murray and Lopez (1996) have over-estimated road traffic 
fatalities and stand behind the estimates presented here.  One reason for this is that the 
estimate of fatalities in 2000 (723,439) agrees with the U.K. Transportation Research 
Laboratory’s (TRL) estimate of global road deaths for 1999 (Jacobs et al., 2000), i.e., 
745,769 fatalities worldwide (low under-reporting adjustment case).  The TRL 1999 
estimate is based on published 1996 data from 142 countries updated to 1999 levels 
and adjusted for non-reporting and under-reporting of fatalities.  Since this seems to 
be the most comprehensive, bottom-up approach to estimating the global road death 
toll to date, I feel that it is the most appropriate estimate against which to compare the 
present projections.  The prediction of traffic fatalities in 2020 (1.2 million deaths 
worldwide) also lies within the range suggested by TRL for 2020 (1 to 1.3 million 
deaths), although the latter is not based on a statistical model.  
 
2.6  Conclusion 
Despite the extensive road safety literature that has developed in the U.S. and 
several European countries, there has been no comprehensive study of the variation in 
traffic fatalities across countries at different stages of economic development.   This 
chapter begins to fill this void by documenting the road safety-income relationship 
using an Environmental Kuznets curve framework.  The results suggest that traffic 
fatalities do indeed follow an inverted U-shaped relationship with income, with traffic 
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fatality risk beginning to decline at income levels similar to those found for several 
environmental externalities.   
The nature of the externality in question allows one to conduct a more detailed 
examination than most EKC studies.  By estimating reduced form models of 
fatalities/population and its two components – vehicles/population and 
fatalities/vehicle –the traffic fatality-income relationship is decomposed into a “scale” 
and “intensity” effect.  The scale of transportation activity (as measured by the 
motorization rate) is found to increase at a decreasing rate with income, but never 
declines.  Since the risk “intensity” associated with driving falls steadily with 
increases in per capita income, however, the traffic fatality risk-income relationship 
becomes negative once the income elasticity of Fatalities/Vehicle exceeds in absolute 
value the income elasticity of Vehicles/Population.  This occurs at a per capita 
income of approximately $8,600 (1985 international dollars).  The relatively large 
number of countries and long panels included in the dataset helps make this result less 
fragile to the functional form of income and specification of the time trend than in 
most EKC studies, even after controlling for country fixed effects, heteroskedasticity, 
and within panel serial correlation, econometric issues often ignored in most EKC 
analyses.     
Forecasts of traffic fatalities based on the results presented above suggest that, 
if developing countries follow historic trends, it will take many years for them to 
achieve the motor vehicle fatality risks of high-income countries.  Provided that 
historic policies continue into the future, the road death rate in India, for example, 
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will not begin to decline until 2042.33  (The projected peak corresponds to 
approximately 24 fatalities per 100,000 persons prior to any adjustment for 
underreporting but becomes 34 fatalities per 100,000 persons if one maintains the 
underreporting adjustment factors chosen above.)  This is primarily due to the fact 
that India’s per capita income (in 1985 international dollars) was only $2,900 in 2000, 
whereas F/P peaks at a per capita income of approximately $8,600.  Similarly, in 
Brazil F/P will not peak until 2032, and the model projects over 26 deaths per 
100,000 persons as far out as 2050. 
In other developing countries, the traffic fatality risk will begin to decline 
before 2020 but F/P risks will still exceed the levels experienced in high-income 
countries today (which average about 11 fatalities per 100,000 persons).   Malaysia, 
for example, is estimated to have over 20 fatalities per 100,000 persons (after 
adjusting for under-reporting) in 2020.  If 5.1% growth continues beyond 2020, F/P 
will reach 11.1 by 2033 (using the same under-reporting adjustment as above); 
however, if the growth rate decreases to 2.5% after 2020, F/P will reach 11.0 only in 
2049. 
The predictions in Section 2.5, and the estimates of the income level at which 
traffic fatality risk begins to decline, assume the policies that were in place from 1963 
through 1999 will continue in the future and that, as they continue to grow, 
developing economies will adopt road safety policies at the same rate as high-income 
countries did.  Clearly, this may not be the case.  In many developing countries 
                                                 
33 This assumes the annual real per capita GDP growth rate of 3.87% and India’s log-
linear time trend (from the last column in Table 2.5) will continue into the future.  
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fatalities per vehicle could be reduced significantly through interventions that are not 
explicitly reflected in the data.  For example, drivers of two-wheelers could be 
required to wear white helmets, traffic calming measures could be instituted in towns, 
and measures could be taken to separate pedestrian traffic from vehicular traffic.  The 
central question for policy in low-income countries is to identify the factors that 
underlie the decline in fatalities per vehicle (or per VKT) and to implement policies 
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Canada        -63.4% Malaysia         44.3% 
Hong Kong -61.7  Indiab 79.3  
Finland -59.8  Sri Lanka 84.5  
Austria -59.1  Lesotho 192.8  
Sweden -58.3  Colombia 237.1  
Israel -49.7  China 243.0  
Belgium -43.8  Botswanac 383.8  
France -42.6    
Italya -36.7    
New Zealand -33.2    
Taiwan -32.0    
United States -27.2    
Japan -24.5    
a %change 1975-97, b %change 1980-98, c %change 1976-98 
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Table 2.2. Regional Distribution of Countries Used in Model Estimationa 
World Bank Region  HD2 HD1 
East Asia & Pacific 10 (14) 1 (1)
Eastern Europe & Central Asia 5 (5) 3 (4)
Latin America & Caribbean  5 (27) 2 (4)
Middle East & North Africa  8 (12) 1 (1)
South Asia 5 (7) -
Sub-Saharan Africa 20 (46) -
High-Income Countries - 28 (35)
Total: 53 (111) 35 (45)
a For each region, the number of countries for which predictions are made is given in parentheses. 
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Table 2.3.  Descriptive Statisticsa 
Variable N Mean Std. Dev. Minimum Maximum 
F/P Sample:  
Deaths per 10,000 persons 2200 1.333 0.768 0.033 6.190
Real per capita GDP 
(1985int’l$) 2200 $5,891 $4,826 $290 $22,626
Year 2200 1981.901 10.149 1963 1999
Number of countries: 88  
V/P Sample:  
Vehicles per 10,000 
persons 1876 2096.06  1974.38  4.100  7873.68
Real per capita GDP 
(1985int’l$) 1876 $6,284 $4,938 $274 $23,763
Year 1876 1981.238 10.221 1963 1999
Number of countries: 75  
F/V Sample:  
Deaths per 10,000 
Vehicles 1695 22.366  32.993  0.697  234.290
Real per capita GDP 
(1985int’l$) 1695 $6,601 $4,879 $290 $22,626
Year 1695 1981.303 10.095 1963 1999
Number of countries: 70  
a Vehicles include cars, buses, trucks, and two-wheelers.  Note that none of the data has been adjusted for 
under-reporting.  Deaths and some vehicle fleet estimates shown here may be underestimated.  
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Table 2.4.  Motorization Rates, 1999, 60 Countries 
Country 
Vehicles* 
/1,000 Persons Country 
Vehicles* 
/1,000 Persons 
HD1 Countries:  HD2 Countries:  
United States 779 Malaysia 451 
Luxembourg 685 Bulgaria 342 
Japana 677 Thailandc 280 
Italyb 658 Latvia 267 
Iceland 629 Mauritius 195 
Switzerland 622 Romania 169 
Australiac 616 South Africa 144 
Austria 612 Panamab 112 
Canadaa 585 Turkey 100 
Germanya 572 Indonesiaa 81 
New Zealandb 565 Sri Lankaa 74 
Norway 559 Botswana 72 
Cyprus 551 Swazilanda 69 
Belgium 522 Colombia 67 
Spainb 499 Beninc 52 
Finland 498 Morocco 51 
Swedena 496 Ecuadora 47 
Czechoslovakia 440 Philippinesa 42 
United Kingdoma 434 Togoc 39 
Netherlands 427 Mongolia 38 
Denmark 424 Egyptc 35 
Portugalb 423 Indiab 34 
Bahrain 339 Nigeriac 29 
Poland 323 Pakistan 23 
Irelandc 312 Kenyac 14 
Israel 301 Senegalc 14 
Korea, Rep. 296 Bangladeshb 3.1 
Hungary 283 Ethiopiaa 1.5 
Singapore 164   
Costa Rica 162   
Chile 138   
Hong Kong 80   
*Including passenger cars, buses, trucks, and motorized two-wheelers.  
a-  1998 data, b- 1997 data, c- 1996 data. 
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Notes for Table 2.5 – 2.7:  
Heteroskedasticity-corrected standard errors, clustered on country to allow for within panel 
autocorrelation, are given in parentheses.  
The constant term reflects the intercept term for India.  Country fixed effects were 
included in all regressions but are not displayed here. 
*** indicates 1% level of significance ** indicates 5% level of significance.  
*10% level of significance. 
 
Model Specifications: 
1. Quadratic, common linear time trend 
2. Quadratic, common log-linear time trend 
3. Quadratic, regional linear time trends 
4. Quadratic, regional, log-linear time trends 
5. Spline, common linear time trend 
6. Spline, common log-linear time trend 
7. Spline, regional linear time trends 
8. Spline, regional, log-linear time trends 
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Table 2.5. Regression Results from Fatalities/Population Models 
Quadratic Spline Independent 


















(0.049)     
lnY for: 













































































































0.035   
(0.040)   
0.001   
(0.003) 
0.056   
(0.037)   
Regional t: 
EAP   
0.005   
(0.008) 
0.238** 
(0.118)   




ECA   
-0.010* 
(0.006) 
0.016   
(0.099)   




India   
0.019***   
(0.004) 
0.279***  
(0.042)   




LAC   
0.014*   
(0.008) 
0.310   
(0.190)   




MNA   
-0.009  
(0.011) 
-0.030   







-0.001   
(0.004) 
0.036   
(0.038)   




SSA   
0.010**   
(0.005) 
0.147**   
(0.065)   




High Income   
-0.019***  
(0.005) 
-0.078*   





F statistic on 
regional ts:   
F(7, 87) = 
20.48*** 
F(7, 87) = 
75.08***   
F(7, 87) = 
8.67*** 



















Adjusted R2: 0.8455 0.8460 0.8634 0.8557 0.8554 0.8567 0.8695 0.8656 
Hausman chi2 36.20*** 40.63*** 80.90*** 353.13*** 40.75*** 53.42*** 90.27*** 70.17*** 
DW statistic 0.734 0.732 0.807 0.768 0.774 0.776 0.841 0.815 
No. of  Countries: 88, No. of observations: 2200 
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Table 2.6. Regression Results from Vehicles/Population Models 
Quadratic Spline Independent 
Variables 1 2 3 4 5 6 7 8 
lnY 
5.523***   
(0.917) 
5.046***   
(0.989) 
3.078**   
(1.269)  







-0.142*   
(0.076) 
-0.124   
(0.081)  
lnY for: 
$1 - $946  








$938 - $1,395  








$1,535 - $2,290     0.675*   (0.349) 
1.043*** 
(0.387) 




$2,290 - $3,441     1.379***   (0.357) 
1.508*** 
(0.410) 




$3,441 - $4,682     








$4,682 - $6,911     








$6,911 - $9,238     0.569*   (0.299) 
0.595 
(0.405) 




$9,238-$11,263     -0.436   (0.312) 
-0.022 
(0.322) 




$11,263-13,663     -0.714*   (0.382) 
0.213 
(0.239) 




> $13,663     -0.612**  (0.301) 
0.098 
(0.178) 















45704111]     
Common time 
trend: t 
0.028***   
(0.006) 
0.236***   
(0.069)   
0.032***   
(0.006) 
0.263*** 
(0.066)   
Regional t: 
EAP   
0.054***   
(0.012) 
0.559***   
(0.193)   




ECA   
0.060***   
(0.005) 
0.540***  
(0.072)   




India   
0.066*** 
(0.006) 
0.662***   
(0.071)   




LAC   
0.026***   
(0.007) 
0.218***   
(0.073)   




MNA   
0.016**   
(0.007) 
0.045   
(0.086)   






0.036***   
(0.007) 
0.255***   
(0.084)   




SSA   
0.029***   
(0.011) 
0.312**   
(0.129)   




High Income   
0.022***   
(0.006) 
0.160**   
(0.064)   




F statistic on 
regional ts:   
F(7, 74) =  
32.12*** 
F(7, 74) =  
46.27***   
F(7, 74) =  
19.38*** 













-3.104   
(3.536) 




Adjusted R2: 0.9783 0.9742 0.9818 0.9775 0.9820 0.9767 0.9849 0.9799 
Hausman chi2 133.87*** 21.96*** 127.23*** 164.60*** 87.94*** 21.47*** 185.42*** 118.67***
DW statistic 0.181 0.188 0.175 0.187 0.188 0.190 0.190 0.196 
No. of  Countries: 75, No. of observations:  1876 
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Table 2.7. Regression Results from Fatalities/Vehicles Models 
Quadratic Spline Independent 
Variables 1 2 3 4 5 6 7 8 
lnY 
2.380***   
(0.836) 
3.004***   
(0.952) 
2.293**   
(1.165) 
3.055**    








-0.146**   
(0.070) 
-0.234***  
(0.089)     
lnY  for: 
















































































































(0.059)   
Regional t: 
EAP   
-0.051***  
(0.015) 
-0.266   























LAC   
-0.012***  
(0.005) 
-0.022   
(0.073)   




MNA   
-0.027***  
(0.009) 
-0.050   









-0.192**   























F statistic on 
regional ts:   
F(7, 69) = 
9.91*** 
F(7, 69) = 
13.07***   
F(7, 69) =  
10.42*** 



















Adjusted R2: 0.9532 0.9363 0.9569 0.9377 0.9540 0.9368 0.9588 0.9394 
Hausman chi2 257.15*** 21.75*** 175.57*** 32.86*** 167.26*** 29.58*** 190.31*** 101.17***
DW statistic 0.534 0.443 0.576 0.457 0.548 0.451 0.606 0.476 
No. of  Countries: 70, No. of observations: 1695 
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Table 2.8.  Forecasts of Real Per Capita GDP Annual Growth Rates (%), 2000-2020 
 
Region/Country 2000 2001 2002-2020 
South Asia 3.0 2.8 3.8 
    India 3.3 2.8  
    
East Asia and Pacific 6.4 3.6 5.1 
    China 7.0 6.4  
    Korea, Rep. 7.9 1.7  
    Indonesia 3.5 2.1  
    
Europe and Central Asia 6.1 1.9 3.3 
    Russian Federation 8.6 5.0  
    Turkey 5.5 -8.7  
    Poland 4.1 1.4  
    
Latin America and the Caribbean 2.2 -0.7 2.1 
    Brazil 3.0 0.2  
    Mexico 5.2 -1.3  
    Argentina -1.7 -3.2  
    
Middle East and North Africa 1.9 1.5 1.4 
    Saudi Arabia 0.7 -1.5  
    Iran 3.5 2.5  
    Egypt 3.5 2.7  
    
Sub-Saharan Africa 0.5 0.3 1.3 
    South Africa 1.4 1.0  
    Nigeria 0.4 0.3  
 
High-income Economies 
Industrial    
     G-7 2.7 0.3 2.1 
          US 3.2 0.3 2.0 
          Japan 1.5 -0.9 2.0 
          G-4 Europe 3 1.3 2.3 
                  Germany 3.1 0.7 2.1 
     Euro Area 3.3 1.4 2.5 
     Non-G7 Industrial 3.5 1.6 2.7 
Other High-income 4.7 -0.7 2.8 
     Asian NIEs (KOR, HKG, SGP) 6.4 -0.7 3.4 












Countries 1990 2000 2010 2020 
% change 
2000-20 2000 2020 
East Asia & 
Pacific 15 112 188 278 337 79.8% 10.9 16.8 
E. Europe & 
Central Asia 9 30 32 36 38 18.2% 19.0 21.2 
Latin America 
& Caribbean 31 90 122 154 180 48.1% 26.1 31.0 
Middle East & 
N. Africa 13 41 56 73 94 67.5% 19.2 22.3 
South Asia 7 87 135 212 330 143.9% 10.2 18.9 
Sub-Saharan 
Africa 46 59 80 109 144 79.8% 12.3 14.9 
Subtotal: 121 419 613 862 1,124 83.3% 13.3 19.0 
High-Income 
Countries: 35 123 110 95 80 -27.8% 11.8 7.8 















If historic trends continue, the Kuznets curve findings of the previous chapter 
suggest fatality rates will continue to increase in the developing world for several 
decades.  However, in many developing countries fatalities per vehicle could be 
reduced significantly through interventions that are not studied explicitly in chapter 
two.  Examining which factors and interventions were most influential in reducing 
fatalities per vehicle in high-income countries, i.e., which factors explain the 
downward sloping portion of the income-fatality relationship, could help formulate 
policies in low-income countries that are just beginning to tackle the problem.   
 This chapter deals with the decline in traffic deaths per distance traveled 
observed in OECD countries since the early 1970s, the approximate period during 
which these countries have been on the downward sloping portion of the EKC.34 It 
seeks to answer a central question: Why has this decline in Fatalities/VKT occurred? 
To what extent have fatality rates declined because of changes in the vehicle mix 
(reductions in the proportion of two-wheelers and in the ratio of pedestrians to 
vehicles), because of safer roads, or because of safer vehicles?  How important are 
improvements in the behavior of drivers due to changes in demographics, 
                                                 
34 The mean road death rate of these countries has fallen by half since 1970 (from 24 
deaths/100,000 persons in 1970 to approximately 12 deaths/100,000 persons in 2000).   
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enforcement of alcohol controls, seatbelt laws, and speeding regulations?  What role 
have improved medical services played in reducing fatalities? 
A review of the existing literature addressing these questions is followed by 
an examination of the pattern of traffic fatalities by road user group for the 30 
member countries of the OECD International Road Traffic Accident Database 
(IRTAD).  Then formal models are developed for both pedestrian fatalities and 
occupant fatalities.  Both reduced-form and structural versions of these models may 
be estimated.  Here, reduced-form estimation is performed using panel data for the 
IRTAD countries for 1964 through 2002. 
The use of cross-country panel data to study traffic fatalities is relatively rare 
in the road safety literature.  Much of the literature is devoted to evaluating the 
effectiveness of specific safety interventions such as seat belt laws (Leonard Evans, 
1986), speed limits (Lave, 1985), vehicle safety standards (Peltzman, 1975), or 
alcohol control policies (Dee, 1999; Asch and Levy, 1987), on the basis of within-
country data.  It is, however, difficult for such studies to assess the relative 
contribution of different sets of factors to the historic decline in fatality risk.  For 
example, part of the decline in pedestrian deaths in developed countries is due to 
pedestrians becoming vehicle occupants, and part of the decline in total fatalities 
reflects the movement from two- to four-wheeled vehicles.  The effect of changes in 
the motorization rate (vehicles/population) and changes in the composition of the 
vehicle fleet are difficult to capture without country-level panel data.  This is also true 
for demographic factors: in virtually every country in the world the death rate due to 
traffic crashes is higher for persons 15-24 than for any other age group.  Whether this 
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reflects inexperience or low risk aversion, it suggests that demographic changes are 
likely to affect the death rate due to traffic crashes, an effect that can be examined 
using country-level panel data.   
Country-level panel data can also be used to examine the impact of alcohol 
abuse, medical services and seatbelt usage on road traffic deaths.  The impact of 
seatbelt usage and alcohol control policies (e.g., alcohol taxes, minimum drinking age 
laws) have been examined extensively using panel data for states in the U.S., but not 
(to my knowledge) using cross-country panel data.   
The chapter is organized as follows.  Section 3.2 summarizes the existing 
literature on road safety.  This is followed in section 3.3 by a description of the 
pattern of traffic fatalities by road user group in a subset of high-income (HD1) 
countries.  Section 3.4 develops a theoretical model of traffic fatalities, with separate 
equations for pedestrian and occupant fatalities.  Section 3.5 presents results from 
reduced-form specifications of the formal models for pedestrian and occupant 
fatalities and Section 3.6 concludes. 
 
 
3.2 Existing Literature on Road Safety 
 
The existing literature on road safety can be divided into three categories.  The 
first body of research consists of very micro-level studies (studies based on data for a 
single road segment or set of segments) of the causes of an accident or a fatality.  The 
second uses data of a more aggregate level (e.g., from U.S. states) to test the influence 
of specific policy interventions on traffic accident and fatality rates.  Finally, there are 
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also a few studies that have used cross-country panel data to examine the variation in 
traffic fatalities across countries.   
 
3.2.1   Micro-level studies of the causes of accidents or fatalities 
 
The micro-level studies generally use accident level data on a particular 
segment/area of the road network to study the causes of an accident or a fatality.  
Many of these have examined the role of speed or traffic flow on the probability of an 
accident or traffic fatality and are useful in calculating road user charges (Golob, 
Recker, and Alvarez, (in press); Dickerson, Peirson and Vickerman, 2000; Shefer and 
Rietveld, 1997; Vitaliano and Held, 1991).   Other studies (mostly appearing in the 
transport engineering literature) examine the impact of road environment conditions 
(roadway design and weather) on accident rates and severity (Milton and Mannering, 
1998).  Lee and Mannering (2002) use detailed data from a 96.6-km section of 
highway in Washington State to focus on the impact of roadside features on the 
frequency and severity of run-off roadway accidents.  Abdelwahab and Abdel-Aty 
(2001) look at determinants of driver injury severity in traffic accidents at signalized 
intersections in an area of Central Florida.  Some focus solely on determinants of 
truck-involved crash rates (Golob and Regan, 2004; Charbotel et al., 2003; Chang and 
Mannering, 1999).  Studies of the role of weather and lighting conditions include 
Edwards (1998) and Golob and Recker (2003).    
Recently, Graham and Glaister (2003) began to investigate how the nature of 
the urban environment affects accident frequency.  Using U.K. data from 1999 and 
2000 (from the commonly known ‘STATS 19’ database), they estimate a model to 
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explain the effect of urban density (population and employment density) on the 
frequency of pedestrian accidents.   Finally, some have explored the behavior of road 
users along a particular road segment.  For example, Das et al. (2002) look at 
pedestrian crossing decisions using videotape data from three intersections in New 
Delhi.  Porter and England (2000) examine red light running behavior in urban 
settings.  
Understanding road user behavior and the impact of road conditions and 
vehicle characteristics on accident frequency and severity are useful in designing 
vehicle safety features and developing particular traffic calming measures.  These 
micro-level studies can also help inform local transport and land use planning 
policies.  
 
3.2.2 Evaluation of specific road safety policies  
The second branch of literature consists of studies that estimate the impact of 
specific measures aimed at reducing road traffic accidents and fatalities.  This 
research has developed primarily in the U.S., Europe, New Zealand, Australia, and 
Japan, and is generally based on (a) accident data for a particular region, (b) monthly 
or annual within-country data (e.g, from U.S. counties, states, Canadian provinces), or 
(c) national time-series data from a single country.  
There is a distinction between the efficacy and effectiveness of any road 
safety policy intervention.  The impact of vehicle safety standards (air bags, anti-lock 
brakes) on fatality rates, for example, depends not only on their ability to reduce the 
number of fatalities per accident occurring at a given speed but also on the behavioral 
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response of road users to the intervention (e.g., driving faster when vehicles are 
safer).  Empirical evidence of this risk compensation hypothesis (formally set forth by 
Peltzman (1975)) is still somewhat inconclusive but the theory continues to be tested 
in regard to all types of road safety related policies.35  These include policies aimed at 
improving road user behavior (speed, driving under the influence of alcohol, seatbelt 
use, motorcycle helmet use) as well as studies of the role of medical care, improved 
vehicle safety (air bags, anti-lock brakes, inspections), and road infrastructure design 
in reducing traffic fatalities.  
3.2.2.a. Speed and speed limits  
Two factors often singled out to be leading causes of fatal vehicle crashes are 
speed and alcohol.  The body of research evaluating the effect of speed (reviewed by 
McCarthy (2001)) can be divided into those studies that estimate the relationship 
between speed (and speed distribution) on road safety and work that evaluates the 
impact of posted speed limits on highway safety.   Most studies that use data on 
vehicle speed center on the effects of mean speed versus speed variance.36  Lave 
                                                 
35 Peltzman (1975) and Garbacz (1990, 1992) find that a reduction in vehicle 
occupant deaths due to improved vehicle safety standards is offset by increases in 
non-occupant deaths.  However, Crandall and Graham (1984), Loeb and Gilad 
(1984), Garbacz (1985), and Loeb (1987) find little evidence of offsetting behavior 
and claim that safety regulations (mostly seatbelts, but also vehicle inspections, speed 
limits) have significantly reduced traffic fatalities.  Keeler (1994) controls for more 
variables than other studies and finds some evidence that either offsetting behavior or 
the effect of the variance of speed itself (a topic first explored by Lave (1985)) caused 
speed limits to have little effect in reducing traffic fatalities, while educational 
attainment has a positive effect on road safety, even exceeding the returns to income.   
36 Zlatoper (1984), however, controls only for average speed on rural roads in his 
single time-series analysis of U.S. road safety over 1947-1980 and does not address 
the importance of speed variance.  
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(1985) was the first to explore empirically the role of mean speed versus speed 
variance on fatalities per vehicle mile traveled.  Using state level data for 1981 and 
1982 he estimates separate cross sectional regressions for six road types and found 
mean speed to have no effect after controlling for speed variance.  His results sparked 
a lengthy dialogue in the literature (Fowles and Loeb, 1989; Levy and Asch, 1989) 
which ultimately all provide evidence that speed variance is an important influence on 
fatality rates.37  Synder (1989) appears to be the first to control for state and year 
fixed effects (although in separate specifications) using data from 26 states for 1972-
74.  He finds higher mean speed and an increase in the speed of the faster vehicles38 
to increase total fatalities per VKT (but no symmetric effect for slower slow speeds). 
Much of the U.S. research that evaluates the impact of speed limits on road 
safety (including Garber and Graham (1989), Godwin (1992), McCarthy (1994a, 
1994b)) focuses on the effects of increasing the speed limit from 55 to 65 mph on 
rural interstate highways39 and generally finds that increases in posted speed limits 
reduce road safety on highways.  A widely cited study by Garber and Graham (1989), 
for example, finds that the higher rural interstate speed limits led to a 15% increase in 
fatalities on rural interstate highways and a 5% increase on non-rural interstate 
                                                 
37 Most of these control for more variables than Lave but are still generally based on 
data for a single cross section of states.  Fowles and Loeb (1989), for example, use 
state level data (aggregated for all road types) for 1979 only. 
38 Speed distribution is measured by the 85th percentile speed minus the median speed 
on main rural roads. 
39 One exception is Keeler (1994) who, using county level data for 1970 and 1980, 
finds greater evidence of urban speed limits reducing fatalities than rural limits did.  




roads.40  The significant effect for non-rural interstate roads has raised discussions of 
the extent of spillover effects and of the merits of using aggregate data to account for 
such effects.    
Most of the U.S. research on speed limits pertains to higher-speed interstate 
and non-interstate roads.  McCarthy does cite some international studies that have 
focused on the effect of speed limits on lower speed roads, but notes that most, like 
many of the higher speed road studies, suffer from not accounting for traffic route 
diversion effects and other confounding factors.    
3.2.2.b.  Alcohol and alcohol control policies 
Research that attempts to quantify the influence of drunk driving on traffic 
fatalities and the effectiveness of alcohol control policies has found mixed results.  
Among studies that control for the amount of drunk driving with proxies such as per 
capita alcohol consumption, Zlatoper (1984) finds per capita adult alcohol 
consumption had no statistically significant effect on either pedestrians or occupants 
deaths in the U.S. between 1947-1980.  Similarly, Keeler (1994) finds a positive but 
statistically insignificant effect of alcohol consumption on total fatalities in U.S. 
counties over 1970-1980.  The imprecision of these coefficients could be a result of 
measurement error since per capita alcohol consumption is such a crude measure of 
the amount of drunk driving.  Despite this concern, Noland and Quddus (2002) and 
Loeb (1987) do find alcohol consumption to be related to increases in traffic fatalities 
(in Great Britain and the U.S., respectively).  Noland (2003b, 2000) also finds per 
                                                 
40 This is the median effect found from estimating separate regression models (using 
monthly data) for 40 states that raised rural interstate speed limits to 65 mph in 1988.  
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capita expenditure on alcohol to be statistically significant in increasing the total 
number of fatalities in Great Britain and in the U.S.  McCornac (1993) attributes his 
insignificant coefficient on annual real expenditure on alcohol beverages per 
household in Japan (the coefficient is positive but insignificant for both non-occupant 
and occupant deaths) to the fact that alcohol plays a much smaller role in accidents in 
Japan than other countries such as the U.S.  Similarly, Lindgren and Stuart (1980) 
find that adult per capita alcohol sales (liters of pure ethanol) had no effect on either 
the occupant or non-occupant fatality rate in Sweden over 1947-73.      
Most studies evaluating specific alcohol control policies focus on their effects 
on drinking by young drivers.  U.S. studies of minimum legal drinking ages (MLDA) 
generally find a strong negative relationship between legal drinking ages and vehicle 
fatalities (Asch and Levy, 1987; Dee, 1999; Dee and Evans, 2001).  Keeler (1994) 
and Michener and Tighe (1992), however, find an unexpected insignificant, positive 
effect of beer drinking age on total fatalities and on total fatal accidents, respectively.  
Asch and Levy (1990) suggest that perhaps drinking experience, not drinking age 
matters.   
Regarding the influence of beer taxes, there is less consensus.  Using annual 
state level data for 1982-88 and controlling for year and state fixed effects, Ruhm 
(1996) finds higher beer taxes to be the only policy to have reduced total vehicle 
fatalities per capita.  Also controlling for state-level heterogeneity with pooled cross-
sections of data from the 1977–92 Monitoring the Future (MTF) surveys of high 
school seniors, Dee (1999) finds that beer taxes have relatively small and statistically 
insignificant effects on teen drinking.  Mann et al. (2001) review research evaluating 
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the impact of introducing a legal BAC limit in five countries (United Kingdom, 
Canada, Japan, Netherlands, and the United States) and review the literature 
examining the effect of reducing the legal BAC limit in seven countries (Canada, 
Australia, United States, Sweden, France, Denmark, Austria).  They find a large 
variation in the degree of sophistication in statistical modeling and results across 
studies.  However, most studies do find a general deterrence effect of BAC 
legislation.    
The research studying the effectiveness of alcohol enforcement policies find 
conflicting results. Kenkel (1993) and Sloan et al. (1994), for example, find 
mandatory jail sentences for DUI have a deterrent effect on drunk driving but 
Wilkinson (1987), Chaloupka et al. (1993), and Evans et al. (1991) do not find any 
significant effect.   
3.2.2.c.  Seatbelt laws and seatbelt usage 
Most of the literature examining the impact of seatbelts exploits the cross-
state and time-series variation in the adoption of seatbelt laws in the U.S. (or 
Canadian provinces) to estimate the reduced form effect of the regulation on traffic 
fatalities (including Evans and Graham (1991), Michener and Tighe (1992), Houston 
et al. (1995), and Sen (2001)).41   After controlling for state and year fixed effects, 
Michener and Tighe (1992) find the number of fatal accidents in 1989 would have 
been reduced by 1.9% with nationwide secondary seatbelt laws and by 9% with 
                                                 
41 Others using time-series data from before and after a seatbelt law was passed 
include Bhattacharyya and Layton (1979), Harvey and Durbin (1986), and Wagenaar 
et al. (1988).   
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primary seatbelt laws.42 Using panel data from 1975-1987 and also estimating a two-
way fixed effects model, Evans and Graham (1991) find seatbelt laws led to an 8% 
decline in vehicle occupant fatalities.  Sen (2001), however, finds that the 
introduction of seatbelt legislation in Canadian provinces between 1975 and 1992 led 
to a 21% decline in driver fatalities and claims the effect is dampened by an increase 
in risky driving behavior.43 
A few studies have looked at the direct effect of seatbelt wearing rates on 
traffic fatalities (Garbacz, 1990, 1991; McCornac, 1993; Risa, 1994; Noland, 2003b), 
but Cohen and Einav (2003) seem to be the first to account for the endogeneity of the 
seatbelt usage variable—i.e., people wearing seatbelts more often on roads known to 
be more dangerous.  The failure to control for this endogeneity could be the reason 
that Garbacz (1990, 1991) and Risa (1994) find fatalities to increase with seatbelt 
usage.44  After instrumenting the seatbelt wearing rates with dummies for primary and 
secondary state enforcement laws, Cohen and Einav find the beneficial effect of 
                                                 
42 Primary and secondary refer to the allowable enforcement of the seatbelt laws.  In 
primary enforcement states, police can stop and fine violators even if they have not 
committed other offenses.  In secondary enforcement states, police can fine violators 
only when they are stopped for some other traffic offense.  
43 Garbacz (1992) also claims that the beneficial effect of seatbelts has been offset by 
an increase in risky driving since his results show seatbelt laws have an insignificant 
effect on vehicle occupant fatalities and a significant, positive effect on non-occupant 
fatalities.  However, his findings are based on cross-sectional data from a single year 
(1987), which will clearly bias his estimates if unobserved factors are correlated with 
the cross-state variation in the adoption of seatbelt laws. 
44 On the other hand, McCornac (1993) finds a significant effect of seatbelt use on 
both occupant and non-occupant fatalities in Japan over 1966-1985 and Noland 
(2003b) finds increased seatbelt use significantly reduces total deaths in the U.S. 
during 1990-97.   
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seatbelt use doubles for vehicle occupants and has no effect on non-occupant 
fatalities.  
Analogous to seatbelt use by vehicle occupants, the effect of helmet use by 
motorcyclists has also been studied.  Sass and Zimmerman (2000), for example, use 
state-level panel data for 22 years to examine the impact of mandatory motorcycle 
helmet laws in the U.S.  They find that the laws led to a 29-33% decline in 
motorcyclist fatality risk (as measured by per capita motorcyclist deaths).  Branas and 
Knudson (2001) also find that motorcycle death rates are lower in states with full 
motorcycle helmet laws than in those without, but their study is based only on data 
from 1994 to 1996. 
3.2.2.d. Vehicle safety features and vehicle inspections 
The studies that look at the effectiveness of motor vehicle safety inspections 
are inconclusive.  Loeb (1990) and Loeb and Gilad (1984) find inspections to have a 
significant impact on reducing various measures of fatalities, with their coefficient 
estimates appearing stable across specifications.  Keeler (1994) finds inspections to 
be effective in 1970 but not 1980.  More recently, Merrell, Poitras, and Sutter (1999) 
claim to be the first to control for state fixed effects (using panel data from 50 states 
over 1981-93) in examining the importance of vehicle inspections.  They find no 
evidence that state automobile safety inspections significantly reduce fatality or injury 
rates.   
In addition to the studies evaluating the effectiveness of safety inspections, 
several studies examine the role of particular vehicle characteristics on road safety 
rates.  Studies of the effectiveness of vehicle safety features such as airbags and anti-
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lock brakes claim that improved standards have significantly reduced fatality rates 
(Farmer et al., 1997; Harless and Hoffer, 2003).  Based on analysis of an insurance 
industry generated dataset, Peterson et al. (1995), however, contend that increases in 
injury claims following the initiation of an airbag system is a result of offsetting 
behavior rather than a sorting of auto buyers.  Crandall and Graham (1989) study the 
effect of fuel economy standards on car size and argue that a decrease in car size led 
to a decline in road safety in the U.S. because the probability of a fatal accident 
occurring between two small cars is higher than between two larger vehicles.  
Recently, Gayer (2004) reexamined this question in the case of light trucks using 
microdata from the U.S. Fatal Analysis Reporting System (FARS).45   
3.2.2.e.  Roads 
Relatively few studies have focused on the system wide effects that road 
infrastructure improvements have had on accident and fatality rates.  The micro-level 
studies noted in the previous section may estimate the beneficial impact of roadway 
design on the probability of a crash or fatality but cannot capture the overall effect on 
accident and fatality rates.  However, few studies using aggregate data even control 
for the size of the road network included in the sample.  One recent exception is the 
work by Noland (2003b), which uses U.S. state level data for 1984 to 1997 to 
examine how road improvements such as lane widenings on arterial and collector 
                                                 
45 He also attempts to control for the selection bias issue with the FARS data.  
Because there is no reporting of non-fatal crashes, analysis using FARS data will bias 
the estimated safety impacts of vehicle features (a point raised by Levitt and Porter 
(2001) in their study of the effectiveness of airbags and seatbelts). Levitt and Porter 
eliminate the selection problem by limiting their sample to crashes in which someone 
in a different vehicle dies and find seat belts to be more effective and air bags to be 
less effective at preventing fatalities than previously found.  
 70
 
roads have affected traffic deaths and injuries.  He also controls for total lane miles 
and the fraction of lane miles in different road categories.  His results refute the 
conventional engineering wisdom on the safety benefits of several infrastructure 
changes.  In particular, he finds an increase in total lane miles, in the average number 
of lanes on collector roads, and in the percent of collectors with lanes12 feet or wider 
increase total fatalities.    
3.2.2.f.  Medical care  
Finally, few studies have explicitly focused on the role of improvements in 
medical technology in explaining road safety trends.  The main exception is the 
research by Noland (2003a, 2003b) and Noland and Quddus (2002).46  Using various 
proxies for medical care (the number of licensed physicians per capita, the average 
length of inpatient hospital stay, indicators of the number of people waiting for 
hospital treatment, and the number of average acute care days in hospital), these 
studies suggest that improvements in medical services have significantly reduced 
traffic fatalities in the U.S., Great Britain, and other industrialized countries.  
However, they do not find the number of National Health Service staff (in the U.K.) 
per 1,000 persons (Noland and Quddus, 2002) or the number of hospitals per square 
mile (Noland (2003b)) to have any effect on the number of road deaths.  In addition, 
Noland (2003a, 2003b) surprisingly finds increases in infant mortality rates (as a 
                                                 
46 Others include Lave (1985) and Keeler (1994).  In studying the importance of mean 
speed versus the variance of speed (based on state cross section data for 1981 and 
1982), Lave (1985) finds that access to emergency medical care (as measured by the 
number of hospitals/square mile multiplied by the proportion of population living in 
non-metropolitan areas) significantly affects fatality rates on some road types.  On the 




proxy for medical technology improvements) to be associated with reductions in total 
traffic fatalities (but in Noland (2003a), only when the time trend is replaced by year 
dummies).  
 
3.2.3 Cross-country literature on road safety  
 
Although the road safety literature is most developed in the U.S. and some 
European countries (especially in Scandinavia (Elvik, Mysen, and Vaa, 1997)),47 
there is, by contrast, little work explaining the variation in road traffic accidents and 
fatalities across countries.  Two recent exceptions are studies by Page (2001) and 
Noland (2003a).  Page (2001) uses data from IRTAD and other OECD sources to 
explain traffic fatalities across 21 OECD countries over 1980-1994.  He finds total 
population, the level of motorization, the percentage of young persons in the 
population, per capita alcohol consumption, and employment rates to all have a 
positive effect on the total number of traffic fatalities while an increase in the 
percentage of buses and coaches in the vehicle fleet and the percentage of population 
living in urban areas are associated with reductions in the number of road deaths.  No 
other variables (including per capita income, country or year effects) are controlled 
for in the model.  Instead, he ranks the countries’ road safety performance using an 
indicator based on the residuals of the regression.   
Noland (2003a) uses a more sophisticated statistical model than Page 
(Hausman et al.’s (1984) fixed effects overdispersion model) to study road safety in a 
                                                 
47 Peltzman’s analysis has also been extended to a few countries in Asia, such as 
Taiwan (Garbacz 1989), New Zealand (Garbacz 1991, Scuffman and Langley, 2002; 
Scuffman, 2003), and Japan (McCornac 1993).   
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similar set of countries over 1970-1996.  He controls for all age cohorts, the 
motorization level, per capita income, and country and year effects, but focuses 
primarily on the role of medical services in reducing total road deaths.  Using various 
proxies for advances in medical technology (discussed in greater detail in Section 
3.5.4) he finds that improvements in medical care have played an important role in 
reducing traffic-related fatalities in industrialized countries over the past couple of 
decades.  He does not examine the importance of other technological factors 
(improvements in road design and vehicle crash-worthiness) or policies aimed at 
changing road user behavior (speeding, driving under the influence of alcohol, 
seatbelt usage). 
 Although both of these studies use data for a similar set of OECD countries 
and years as I do, neither controls for as many variables (the most important of which 
is total risk exposure, as measured by vehicle-kilometers traveled) and neither 
investigates the importance of factors for different road user groups separately.  In 
this chapter, I hope to provide a broader understanding of the importance different 
factors have played in improving road safety rates than can be gleaned from the 
current evaluation literature.  I also hope to improve upon the existing cross-country 
studies of traffic fatality rates by controlling for more variables and examining how 
these factors influence vehicle occupants and pedestrian fatality rates differently.  My 
sample uses data from more countries than any other study and covers the entire time 
period in which countries have experienced a decline in traffic fatality risk (deaths per 
population).  Most of the existing evaluation studies focus on the short-term effects of 
specific policy interventions, because they do not have panel datasets that are 
 73
 
sufficiently long.  Longer observation periods may be able to shed more light on the 
importance of factors for the long run.  My methodology and data are described more 
fully in Section 3.5.  
 
 
3.3 Traffic Fatality Patterns in Industrialized Countries 
 
This chapter focuses on a subset of the HD1 countries included in chapter two, 
countries that, from the early 1970’s to the present have experienced a decline in 
traffic fatalities per VKT and were primarily on the downward-sloping portion of the 
relationship between per capita income and per capita fatalities.48  Before formulating 
and estimating models of pedestrian and occupant fatalities per VKT it is useful to 
examine the stylized facts regarding traffic fatalities in this set of countries over 
recent decades, as shown in Table 3.1.  Between 1970 and 1999, total traffic fatalities 
have declined, on average, by nearly 35% in most OECD countries, while total 
vehicle kilometers driven increased by over 250% on average.49  Within each country, 
the decline was more dramatic for the most vulnerable road users: pedestrians and 
bicyclists.50  As shown in Table 3.1, on average, the number of pedestrian and 
bicyclist fatalities fell by over 60% in high-income countries between 1970 and 1999.  
                                                 
48 The exceptions in the sample include: Czech Republic, Hungary, Poland, and 
Turkey.  Per capita income was less than $6,100 (1985 international dollars) in many 
years that these four countries (along with a few observations for Greece, Portugal, 
and South Korea) enter the sample.  Sensitivity analysis of the empirical estimation 
with respect to these observations is addressed in Section 3.5.4. 
49 On average, the total number of vehicles increased by over 200% during this 
period.  
50 Hereafter, “pedestrian” deaths refers to both pedestrian and bicyclist fatalities 
resulting from a motor vehicle accident.   
 74
 
Occupant fatalities, on the other hand, declined by 21% on average (and even 
increased in some countries) during this period.  This corresponds to an average 86% 
decline in pedestrian fatalities per VKT and an average 76% decline in occupant 
fatalities per VKT.  
It is likely that part of the decline in pedestrian deaths in developed countries 
is due to more pedestrians becoming vehicle occupants.  In 1970, pedestrians and 
bicyclists comprised approximately 37% of the total road deaths but, by 1999, the 
fraction of fatalities in these vulnerable road user categories had fallen to only 26%.51  
Likewise, part of the decline in occupant fatalities may reflect the movement from 
two- to four-wheeled vehicles as well as overall technological improvements in 
vehicle crashworthiness.  Policy-induced behavioral changes influence both the non-
motorized road users and vehicle occupants, but to different degrees.    
To better understand how the death rate due to traffic accidents varies across 
road user groups, it is useful to develop a formal model of traffic fatalities, with 
separate equations for pedestrian and occupant fatalities.  
 
3.4  Models of Pedestrian and Occupant Fatalities 
 
The expected number of traffic deaths occurring in a country each year is the 
product of the expected number of accidents times the probability that an accident 
results in a fatality.  In section 3.4.1, I develop separate equations for the expected 
                                                 
51 On average, bicyclist deaths account for approximately 18% of the total 
“pedestrian” fatalities in many OECD countries over the sample period.  The 
percentage is as high as 38% in Sweden, Finland, Denmark, and Belgium, however, 
and nearly 60% in the Netherlands.     
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number of vehicle occupant accidents and pedestrian accidents occurring annually.  
Section 3.4.2 models the likelihood that an accident results in a fatality.  Implications 
of the models are summarized in Section 3.4.3. 
3.4.1   Models of motor vehicle accidents 
 To model the number of motor vehicle accidents occurring annually in a 
country, I follow Edlin’s (1999) derivation of the probability that vehicle  i  is 
involved an accident with another vehicle,  pi,  and the probability that vehicle  i  is 
involved in a one-vehicle accident (for example, hitting a tree), ri.52  The expected 
number of occupant accidents occurring annually is the sum over all vehicles of        
pi + ri.   
Following Edlin, the probability that vehicle  i  has an accident with vehicle  j  
is the probability that both vehicles are in the same location at the same time, and that 
neither driver avoids an accident.  Formally, 
(3.1) P(i has an accident with j) = fifjL-1qiqj 
where  fi = probability that vehicle i is on the road; 
L = number of locations at which an accident may occur; 
qi =  probability that the driver of vehicle  i  does not avoid an 
accident. 
                                                 
52 Single vehicle crashes account for a substantial portion of fatal crashes and cannot 
be ignored in the modeling.  In the U.S., over 50% of fatal crashes result from single 
vehicle accidents (U.S. DOT, http://www-
fars.nhtsa.dot.gov/report.cfm?stateid=0&year=2000&title=Trends).  Of these, single-
vehicle run-off-roadway accidents account for approximately one third of all U.S. 
highway fatalities (Lee and Mannering, 2002).  
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 fifjL-1   is thus the probability that vehicle  j  is in the same location as vehicle  i,53 
and qiqj the probability that neither driver avoids an accident.54  Following Edlin, I 
assume that fi  is proportional to the number of kilometers that vehicle  i  is driven 
annually, mi, (i.e., fi = ρmi) and that L is proportional to the length of the road 
network, R.   
The probability that vehicle  i  is involved in an accident with any other 
vehicle is  
(3.2) pi  =  ρmiqiL-1[Σj ≠ i ρmjqj]. 
Assuming for simplicity that all drivers are identical, i.e., qi  = qj  = q, the probability 
that vehicle i  is involved in a two-vehicle accident is given by 
 (3.3) pi ≈  ρ2q2miL-1M 
where  M = total kilometers traveled by all vehicles annually. 
 The probability that vehicle i  is involved in a one-vehicle accident is the 
probability that vehicle  i  is in a given location (fi/L), that an event occurs to 
precipitate an accident (e.g., an unforeseen bend in the road), and that the driver of 
vehicle  i  does not avoid the accident.  Denote the probability of the event that 
precipitates the accident  e.  Then the probability that vehicle  i  is involved in a one-
vehicle accident is  
                                                 
53 L is not squared in this expression since it does not matter where on the road the 
two vehicles meet.  The probability that vehicle i is in any location on the road is fi.  
The probability that vehicle j will then be in the same location as i is equal to the 
probability that vehicle j is on the road, fj, times the probability that j is at the same 
location as vehicle i, 1/L.    
54 This specification makes the simplifying assumption that accident rates and vehicle 
locations are both uniform.  
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(3.4) r  = ρqm L e. -1i i
 The probability of a pedestrian accident may be derived analogously to the 
probability of a two-vehicle accident.55  It is the probability of pedestrian  j  and 
vehicle  i  being in the same place at the same time and neither avoiding the accident: 
(3.5) P(Pedestrian j in an Accident with Vehicle i) = fifjL-1qiqj   
= ρmiρ′wjL-1qe′ 
where  fj  is assumed proportional to the number of kilometers pedestrian  j  walks 
each year, wj, and  e′ is the probability that the pedestrian does not avoid the accident.  
The probability of vehicle  i  being involved in a pedestrian accident is the sum across 
all pedestrians of (3.5),  
(3.6) P(Vehicle i has an Accident with a Pedestrian)  =  ρmiρ′WL-1qe′  
where  W  is the number of kilometers walked by all pedestrians in a year. 
The number of pedestrian accidents occurring annually is the sum across all 
vehicles of (3.6).  Assuming mi = m, the average number of kilometers driven per 
vehicle and noting that  M = mV, where  V  is the number of vehicles in the country, 
(3.7) Pedestrian Accidents = ρMρ′WL-1qe′ 
The number of accidents involving vehicle occupants is the sum across all vehicles of 
(3.3) and (3.4): 
(3.8)    Occupant Accidents = ρ2q M2
                                                




55 For ease of notation, the probability that a driver is unable to avoid a one-vehicle 
accident or an accident with a pedestrian retains the same subscripting as the 
probability that the driver is unable to avoid a two-vehicle accident, qi.  
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3.4.2  Models of accident fatalities 
The expected number of deaths that occur each year as a result of motor 
vehicle accidents equals the sum across all vehicles of the probability that an accident 
occurs times the probability of a fatality, given that an accident occurs.  Letting  γ = 
P(Pedestrian is killed |Accident) and  λ = P(Occupant is killed |Accident),  
(3.9) Occupant Fatalities  = (ρqML-1e + ρ2q M2L-1)λ 
(3.10) Pedestrian Fatalities = ρMρ′WL-1qe′γ. 
Expressing (3.9) and (3.10) in terms of fatalities per distance traveled by all motor 
vehicles (where distance traveled = M),  
 (3.9′) Occupant Fatalities/Distance Traveled  = ρqL-1eλ + ρ2q2ML-1λ 
(3.10′) Pedestrian Fatalities/Distance Traveled  = ρρ′WL-1qe′γ. 
 
3.4.3 Implications of the models 
Equation (3.10′) says that pedestrian fatalities per vehicle distance traveled 
should decline (other things equal), the more likely it is that a driver can avoid an 
accident (the smaller is q), the more extensive the road network (the larger is L), the 
less likely a pedestrian is to precipitate the accident (the smaller is  We′), and the less 
likely the pedestrian is to die, given that he is struck by a vehicle (the smaller is γ).   
The number of occupant fatalities per distance traveled (equation (3.9′)) should also 
decline with decreases in q and with increases in L.  In addition, all else equal, the 
occupant fatality rate should decline the less likely an event occurs to precipitate a 
one-vehicle accident (the smaller is e) and the less likely an occupant dies given that 
an accident occurred (the smaller is λ).   Finally, increases in the total distance 
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traveled by all vehicles will increase the probability of any two vehicles meeting on 
the road and, hence, increase the occupant fatality rate. 
 
3.5  Estimates of Fatalities per Distance Traveled 
 
The models of pedestrian and occupant fatalities are estimated using a 2-step 
strategy.  First, the relationship between fatalities per distance traveled and income is 
examined for pedestrians and occupants separately. Second, (3.9′) and (3.10′) are 
approximated with flexible, reduced-form functions of variables influencing q, e, L, 
λ, γ.  In all cases, the distance traveled by all vehicles is measured in vehicle-
kilometers and is denoted by VKT. 
3.5.1  Estimates as a function of income and time only 
 
Virtually all of the factors that should cause pedestrian fatalities per VKT 
(equation (3.10′)) to fall should increase with income.  Hence, pedestrian fatalities per 
VKT should decline with economic growth.  The situation is somewhat different for 
occupant fatalities.  Equation (3.9′) indicates that fatalities per VKT associated with 
two-vehicle crashes (the second term in (3.9′)) should increase with total VKT.  This 
suggests that occupant fatalities per VKT need not decline monotonically with 
economic growth, nor should they decline as rapidly with per capita income as 
pedestrian fatalities per VKT.  Estimating a fixed-effects model for the fatalities per 
VKT simply as a function of per capita income and a linear time trend supports this 
claim.  Using panel data from 32 HD1 countries over 1964-2002, Total 
Fatalities/VKT are found to be monotonically decreasing with income.  However, the 
relationship varies for Pedestrian Fatalities/VKT and Occupant Fatalities/VKT.   
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Setting the intercept equal to Austria’s,  
 (3.11) ln(Total Fatalities/VKT)it   =    1.485  -   0.375 lnYit -  0.048 t 
        (1.655)    
                                                
(0.178)**       (0.004)*   
 
  Adj. R2: 0.9591,  32 HD1 countries, 830 observations 
 
(3.12) ln(Occupant Fatalities/VKT)it    =   -0.267  -  0.237 lnYit -  0.044 t    
                            (1.741)     (0.188)          (0.004)*  
 
  Adj. R2: 0.9468,  32 HD1 countries, 830 observations. 
  
(3.13) ln(Pedestrian Fatalities/VKT)it   =    3.056  -  0.643 lnYit -  0.060 t 
              (1.360)**   (0.146)*        (0.004)*   
  Adj. R2: 0.9543,  32 HD1 countries, 830 observations 
 
*Indicates 1% level of significance. **Indicates 5% level of significance. 
The income elasticity of the pedestrian fatality rate is statistically significant and over 
twice as large in magnitude as that of the occupant fatality rate, confirming that 
pedestrian fatalities per VKT fall faster than occupant fatalities per VKT, as the 
models suggest.56,57  
Estimation of (3.12) and (3.13) using more flexible functional forms of 
income show that the occupant fatality rate-income relationship is far from certain.  
As shown in Table 3.2, results from both a quadratic specification and a four segment 
spline function of income suggest the income elasticity of the occupant fatality rate 
 
56 Standard errors shown in parentheses under each coefficient are heteroskedasticity-
corrected and clustered on country to allow for within panel autocorrelation. 
57 The regressions in equations (3.11) – (3.13) and those in Table 3.2 were performed 
using an extended VKT data series and per capita income measured in 1996 
international dollars (extended from 2000-2002 using per capita GDP growth rates).  
The sources of data and methods used to extend these series are described in detail in 
Appendix B.  Section B.3 and B.5 in the Appendix also display the regression results 
from using the unextended VKT data and the income series from chapter two 
(measured in 1985 international dollars). 
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becomes positive at higher levels of income.58  When the time trend is held constant 
across countries, Occupant Fatalites/VKT begin to increase with income once income 
exceeds $25,384 (1996 international dollars) in the quadratic specification (Model 4) 
and when income exceeds $20,700 in the spline specification (Model 2), although the 
effect is not statistically significant.59  Results are similar if the time trend is allowed 
to vary across countries.  In the log-linear case with country specific time trends 
(Model 1 in Table 3.2), the income elasticity of the occupant fatality rate remains 
negative and statistically insignificant.  In the quadratic and spline specifications 
(Models 3 and 5), the income elasticity of Occupant Fatalities/VKT becomes positive 
once income reaches $14,572 and $20,700, respectively, but in this case the effect has 
greater statistical significance with the spline function.    
In the case of pedestrians, the income elasticity falls in magnitude to -0.376 
(0.187) when country specific time trends are assumed (Model 1).  Four segment 
spline functions of income suggest that the income elasticity falls in magnitude in 
higher income ranges and is not significantly different than zero for per capita income 
exceeding $20,700 (1996 international dollars).     
 
 
                                                 
58 Country dummies and country specific time trend coefficients from equations 
(3.11)-(3.13) and all models in Table 3.2 are displayed in Appendix B. 
59 $25,384 (1996 international dollars) is the approximate per capita income of 
Australia and Denmark in the late 1990s and the level of income attained by the 
United States and Switzerland around 1990.  $20,700 (1996 international dollars) is 
the approximate per capita income of Austria, Netherlands, and Sweden in the early 
to mid- 1990s, and the level of income attained by the United States in 1982 and 
Canada in 1985.  
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3.5.2 Reduced-form specification   
 
I next go on to approximate the models developed in Section 3.4 with flexible, 
reduced-form functions of vehicle occupant and pedestrian fatalities per VKT.  Given 
the multiplicative nature of equations (3.9′) and (3.10′), models of Occupant 
Fatalities/VKT (OccF/VKT) and Pedestrian Fatalities/VKT (PedF/VKT) are 
estimated in log-log form:  
(3.14) ln(OccF/VKT)it = ai + b1ln(q)it + b2ln(e) it+ b3ln(λ)it+ b4ln(RDit) + 
b5ln(VEHit) + c t + εit 
(3.15) ln(PedF/VKT)it = ai + b1ln(q)it + b2ln(e′) it+ b3ln(γ)it+ b4ln(RDit) + 
b5ln(Wit) + c t + εit 
where q, e, e′, W, γ, and λ are proxied by the variables described below. 60  (A 
complete list of variables is provided in Table 3.4).  The dependent variables, 
ln(OccF/VKT) and ln(PedF/VKT), are measured as the natural logarithms of 
pedestrian fatalities per million vehicle kilometers driven and occupant fatalities per 
million vehicle kilometers driven, respectively.  Country fixed effects once again 
control for permanent differences in fatality rates and traffic fatality definitions across 
countries.   A common linear time trend is included in both equations.  
 3.5.2.a.  Specification of occupant fatalities per VKT  
In practice, q, the probability that a driver avoids an accident, will reflect 
driver skill, the condition of the vehicle driven, the variance in speed of surrounding 
                                                 
60 Although not serving as a proxy for the factors discussed above, VEH enters 
equation (3.14) directly from the formal model of Occupant Fatalities/VKT (equation 
(3.10′)).    
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traffic and other road conditions.  Driver skill will be influenced by the driver’s 
speed, attitudes towards risk/safety, education, driving experience, and alcohol 
consumption.  Proxies for q include:  the percentage of driving age population that is 
15-24 years of age (YOUTH), the percentage of driving age population over age 64 
(ELDERLY),61 and per capita income (Y).  Per capita income (Y) and the percentage 
of young driving age population (YOUTH) enter the equation both separately and 
interactively.  Since young drivers’ education and attitudes toward risk could vary 
with per capita income, the interaction allows the impact of YOUTH on fatalities per 
VKT to change as countries become wealthier.  The effect of older drivers on fatality 
rates has not often been examined in road safety studies.62 A priori, their effect on 
fatality rates is unclear: although older drivers may have more experience and drive at 
slower speeds, they may a have a slower reaction time to an imminent collision (thus, 
increasing q).  I include the percentage of driving age population over 64 
(ELDERLY) as an explanatory variable to control for this effect.   
One crude proxy for the amount of drunk driving is the adult (18 years old and 
over) per capita alcohol consumption in the country (ALCOHOL).  Another measure 
that might give a better indication of the amount of abusive drinking in the country is 
the death rate (deaths per population) due to cirrhosis of the liver (LIVER).   
Additional proxies for q include the growth rate of the vehicle fleet 
(VEHGROWTH), the percentage of two-wheelers in the vehicle fleet 
                                                 
61 I define “driving age population” to be persons ages 15 and higher.  Therefore, 
YOUTH = population ages 15-24/ population ages 15 and up. Similarly, ELDERLY 
= population ages 65 and up/population ages 15 and up. 
62 Exceptions include Noland (2003a) and Keeler (1994). 
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(2WHEELERS), and interaction terms of the road length and total vehicle stock with 
a linear time trend (RDt and VEHt, respectively).  In part, the rate of motorization 
(VEHGROWTH – measured as the growth rate of the vehicle fleet from the previous 
year) could reflect a country’s level of driving experience or societal norms regarding 
road safety.  The faster the fleet grows the less time drivers have to adjust to changes 
in the road environment (having to share roadways with more, less-experienced 
drivers).  Therefore, a driver’s inability to avoid collisions (q) should increase with 
VEHGROWTH.   
2WHEELERS provides some measure of the heterogeneity of the vehicle mix 
and/or variance of speed on the road.  Assuming the vehicle mix is tilted toward more 
recent model years, which have better safety features (such as anti-lock brakes), the 
vehicle-time trend interaction (VEHt) could serve as a proxy for safer vehicles over 
time.  Similarly, if improvements in road design are allowing drivers more reaction 
time then the road length-time trend interaction (RDt) may capture the extent to 
which trends in road conditions have affected a driver’s ability to avoid an imminent 
accident.  Of course, any beneficial effect of improved road and vehicle conditions 
could be offset by increased speeds or other risky driving behavior, a point to which I 
return below.  
The probability of an event occurring to precipitate a one-vehicle accident, e, 
is difficult to measure.  However, it will depend on the number of pedestrians in the 
area (proxied by the total population (POP) or the percentage of population living in 
urban areas (URBANPOP)), road conditions (guardrails, barriers separating roads 
from sidewalks, shoulder width, etc.) (proxied by RDt), and several country or region 
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specific characteristics (topography, climate, animal habitats).  Any of these 
characteristics that are constant over time will be captured by the country fixed 
effects.  L is proportional to the size of the road network and is proxied by the total 
number of route-kilometers in the road network (RD).63 
The probability of a vehicle occupant dying given that an accident occurs, λ, 
clearly depends on the quality of emergency medical services, but also on the health 
of the accident victim.  Since indicators of emergency medical services are limited, I 
proxy medical quality by the number of licensed physicians per person 
(PHYSICIANS) as well as heart attack survival rates (HEART).64  HEART is perhaps 
a less crude indicator of the quality of emergency medical care since heart attack 
survival, like accident survival, depends on ambulance response time and trauma care 
available in hospitals.  λ should also be inversely related to vehicle crashworthiness.  
Again, assuming the vehicle mix is tilted toward more recent model years, which 
have better safety features (such as air bags), the vehicle-time trend interaction 
(VEHt) could serve as a proxy for safer vehicles over time.65 Similarly, changes in 
road conditions could be captured by RDt. 
                                                 
63 Although the number of lane-miles would be a better indicator of the size of the 
road infrastructure, limited data availability prevented me from using this measure in 
the analysis. 
64 The heart attack survival rate is measured as the number of hospital discharges after 
admission for acute myocardial infarction divided by the total heart attacks (= number 
of hospital discharges + deaths due to myocardial infarction).   
65 A confounding factor is that vehicle size, which has been found to have a 
significant, negative effect on occupant (but not pedestrian) fatalities (Zlatoper, 1984; 
Crandall and Graham, 1989), decreased in many countries over part of the sample 
period. Data limitations prevent me from controlling for average vehicle size directly.  
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Finally, λ should decrease with increased seatbelt usage.66  I proxy for the 
national seatbelt usage by the percentage of car drivers wearing seatbelts on three 
road types: urban roads, rural roads, and motorways.67  Increased seatbelt usage is 
expected to decrease the occupant fatality rate.  However, if, as hypothesized by 
Peltzman (1975), the increased driver protection produces more careless driving, the 
safety benefits to belted drivers could be offset by increased risk to other vehicle 
occupants, perhaps even causing the overall fatality rate to rise.  The potential 
endogeneity of this variable is discussed below.  
3.5.2.b.  Specification of pedestrian fatalities per VKT  
Several of the factors that influence pedestrian fatalities per VKT are the same 
as those entering equation (3.14).  A pedestrian’s inability to avoid colliding with a 
vehicle (e′), for example, depends on the pedestrian’s attitudes towards safety, and 
also on road conditions – i.e., the extent to which pedestrians are separated from 
vehicular traffic.  Hence, e′ can be proxied by several of the same variables measuring 
q, as discussed above. 
 W, the total kilometers walked by all pedestrians, should vary directly with 
population and inversely with the motorization rate.  Therefore, proxies for W 
include: the total population (POP), as well as the percentage of population living in 
urban areas (URBANPOP), and the size of the vehicle fleet (VEH).  As in the 
                                                                                                                                           
However, the percentage of two-wheelers in the vehicle fleet (2WHEELERS) should 
at least capture the extent of part of the heterogeneity in the vehicle mix.  
66 Seatbelt usage has been estimated to increase the probability of crash survival by 
50-60 percent (Evans, 1986).  
67 Rural roads include motorways.  
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occupant equation, L is proxied by the total number of route-kilometers in the road 
network (RD).  
The probability of a pedestrian dying given that an accident occurs, γ, is 
proxied by the same indicators of medical quality as described above: the number of 
licensed physicians per person (PHYSICIANS) and heart attack survival rates 
(HEART).  Finally, seatbelt usage and certain vehicle characteristics (air bags, 
collapsible steering wheels) should have no beneficial effect on pedestrian safety.  
Pedestrian fatalities per VKT can only be affected by the presence of these vehicle 
safety devices if they indeed induce an increased demand for risky driving.  Including 
the seatbelt usage variables and a proxy for safer vehicles (VEHt) in the pedestrian 
equation allows me to directly test for the presence of such compensating behavior on 
the part of drivers.   
   
3.5.3 Data sources 
 Data for this analysis were compiled for 32 high-income (or HD1) countries 
covering 1964-2002.  A complete list of countries included in the estimation of (3.14) 
and (3.15) is given in Table 3.3.  Table 3.5 provides descriptive statistics for the 
variables in the sample.  
The primary sources of transport and road safety related variables are the 
OECD International Road Traffic Accident Database (IRTAD) and the IRF World 
Road Statistics yearbooks.  However, these series were checked against and 
supplemented by data from numerous national statistical agencies and other sources.  
Health related data come primarily from OECD Health Data 2003, the World Health 
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Organization (WHO), and World Drink Trends 2000.  Total population and 
population cohorts are taken from the U.S. Census International Database, IRTAD, 
and national statistical agencies.  A detailed description of all data sources for each 
variable and country is given in Section B.1 of Appendix B.   
 Long time-series of total vehicle-kilometers traveled (VKT) are difficult to 
obtain, even for several high-income countries.  In an effort to increase the sample 
size, the official VKT statistics were extended using predicted values from 
regressions of VKT on total motor vehicle fuel consumption (petrol and diesel).  The 
sources of fuel data and methods used to estimate VKT are discussed in detail in 
Section B.2 of Appendix B.68  In addition, estimation results for equations (3.11) – 
(3.13) using the base VKT data are displayed in Section B.3.  
For all the analysis in this chapter, real per capita GDP is measured in 1996 
international dollars. This series comes from the Penn World Tables 6.1 (Heston et 
al., 2002) for 1963–2000 and was extended to 2002 using per capita GDP growth 
rates.  I discuss this extension and display the growth rates used in Section B.4 of 
Appendix B.  To provide some comparison with the income coefficients from chapter 
two, Section B.5 also displays the regression results from equations (3.11) – (3.13) 
using the income series from chapter two (measured in 1985 international dollars).  
 
 
                                                 
68 As noted in Section B.2, extrapolating the VKT series adds additional measurement 
error to the dependant variable.  However, since all computed standard errors are 
already heteroskedasticity-corrected, no additional variance correction is necessary to 
account for the predicted data.  
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3.5.4 Reduced-form estimates 
 
Tables 3.7 – 3.10 summarize the results from estimating various specifications 
of equations (3.14) and (3.15) for both occupant and pedestrian fatalities.  I display 
the regression results in two groups.  Tables 3.7 and 3.9 present specifications 
excluding the seatbelt variables, and Tables 3.8 and 3.10 show the models that 
include seatbelt usage.  Due to missing values for some variables, the number of 
observations varies across specifications.  (The number of observations used to 
estimate each specification in Tables 3.7 – 3.10 are listed by country in Table B.6 and 
B.7 in Appendix B.)  Again, in all tables, standard errors presented in parentheses are 
heteroskedasticity-corrected, clustered on country to allow for within panel 
autocorrelation. 
Since drivers of two-wheelers do not wear seatbelts, seatbelt usage can only 
indirectly affect the number of two-wheeler fatalities through changes in behavior of 
belted drivers in other vehicles.  Therefore, it is appropriate to move two-wheeler 
fatalities to the non-occupant death rate once the seatbelt variables are added to the 
model.  The dependent variables in Tables 3.8 and 3.10 thus become Occupant 
Fatalities/VKT and Non-occupant Fatalities/VKT, respectively, where two-wheeler 
deaths are included in the latter.  I discuss the results from the occupant fatality 
models (equation 3.14) before turning to examine the estimates of pedestrian fatalities 
per VKT (equation 3.15).  
3.5.4.a.  Estimates of occupant fatality equations – no seatbelt usage  
 
In Table 3.7, which presents the occupant fatality models, several results stand 
out.  Once other factors are included, per capita income and the time trend cease to be 
 90
 
significant in explaining the decline in occupant fatalities/VKT.  What is significant 
in explaining the decline in occupant fatalities are demographic trends, reductions in 
alcohol abuse, growth in the road network and improvements in motor vehicles and 
the availability of medical services.  These results are discussed in detail below.   
Income and the time trend.  Adding more variables, as suggested by the 
formal models, reduces the importance of income in all specifications of occupant 
fatalities per VKT displayed in Table 3.7.  The income elasticity of the occupant 
fatality rate decreases in magnitude (to -0.008 (0.129) in Model 1 (when evaluated at 
sample mean of YOUTH = .1928)) and remains statistically insignificant across 
virtually all specifications.  Adding an income squared term to the base model (not 
shown in Table 3.7) suggests that, holding all else equal, occupant fatalities/VKT 
begin to increase again with income after per capita GDP exceeds $18,790, although 
the coefficient on the quadratic term is insignificant.69  At the sample mean of 
YOUTH = 0.1928, the income elasticity of the fatality rate remains small and 
insignificant (-0.065 (0.108)), however, and there is no change in magnitude or 
significance of the other coefficient estimates. (See Table B.5 in Appendix B for 
these results).  Similarly, the time trend is still negative but has also decreased in 
magnitude and significance in all specifications of occupant fatalities/VKT.   
Age.  A striking result of the models is the importance of demographic trends.  
An increase in the percentage of driving age population between 15-24 (YOUTH) is 
found to have a positive effect on the occupant fatality rate.  Evaluated at the Model 1 
                                                 
69 McCornac (1993) finds income had a significant and positive effect on the total 
number of traffic deaths in Japan over 1966-85.  However, he does not include a time 
trend in his model.  
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(referred to as the Base Model) sample mean of Y, $16,630 (1996 $int’l), the 
elasticity with respect to YOUTH is statistically significant across all specifications in 
Table 3.7, ranging in magnitude from 0.610 (0.257) (Model 1) to 0.979 (0.322) 
(Model 11).70  
These results imply that a 1% decrease in the percentage of driving population 
aged 15-24 leads to nearly a 1% decrease in fatalities per VKT.  Considering that 
YOUTH decreased by over 20% in many OECD countries from 1964-2002, this 
suggests that this demographic trend alone could account for as much as 30% of the 
decline in occupant fatalities per VKT during this time.  This finding agrees with 
results in the literature, although few country-level studies have examined the role of 
this age cohort on different road user groups separately.  One exception is Peltzman 
(1975) who found YOUTH had a large, positive effect on the vehicle occupant death 
rate (with an elasticity of 0.594 (t-stat = 7.002)) in the U.S. over 1947-65, although he 
included motorcyclist deaths with non-occupants.71  The result also agrees with 
Noland (2003a) and Page (2001) who find similar values for the elasticity of total 
traffic fatalities with respect to the percent of the population between 15-24 for a 
subset of OECD countries over 1970-96 and 1980-1994, respectively (although both 
                                                 
70 The elasticity is larger when LIVER also enters the model (Models 5, 9, 10, 11).  
When HEART is included (Model 7), the elasticity rises to 1.397 (0.710) but the 
sample size is so small (181 observations) that I focus less on the results from this 
specification. 
71 Another is a study by Lindgren and Stuart (1980) who find no effect of YOUTH on 
the vehicle occupant fatality rate in Sweden between 1947 and 1973 (when they 
include motorcycle deaths in occupant fatalities as I have done). However, due to lack 
of VKT data, they compute the death rate as deaths/weighted vehicle sum where the 
number of vehicles is weighted by vehicle type. 
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fail to control for several important variables, including VKT and RD).72  The 
importance of demographics is more pronounced here than in most within-country 
studies that are limited to shorter periods of analysis.  Using county-level data for 
1970 and 1980, Keeler (1994), for example, finds increases in the young population 
to increase traffic fatalities but the difference is not significant.   
One of Keeler’s more interesting results is that educational attainment has a 
positive effect on road safety that exceeds the returns to income.  This is not 
inconsistent with the results presented here.  The coefficient on the YOUTH-income 
interaction term is negative in all specifications in Table 3.7, indicating that the 
importance of young drivers diminishes as incomes increase.  This result could reflect 
changes in young people’s attitudes toward risk or an increase in education of young 
drivers with increases in economic prosperity.  
The percentage of driving age population aged 65 and over (ELDERLY) is 
generally found to have a small positive but insignificant effect on occupant fatalities 
per VKT.  Few other studies have examined the effect of this age cohort on occupant 
and pedestrian fatalities separately.  Noland (2003a) did find an increase in the 
percentage of population aged 65 and over to be associated with an increase in total 
traffic deaths but the result loses significance as he adds other variables (medical 
treatment proxies) to the model.73   
                                                 
72 Page (2001) estimates the elasticity to be 0.83 (0.11) for OECD countries over 
1980-94.  Noland (2003a) finds the elasticity ranges from 0.49 (t-stat = 2.17) to 1.11 
(t-stat = 6.58), depending on what other controls are included in the model (along 
with year dummy variables).   
73 Using U.S. county level data for 1970 and 1980, Keeler (1994) also found a 
positive but insignificant effect of elderly on the total traffic deaths per capita.   
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Motorization.  The vehicle occupant fatality rate is found to increase with the 
size of the motor vehicle fleet (VEH).  To the extent that increases in VEH reflect a 
shift of pedestrian road users into vehicles, this should increase vehicle occupant 
fatalities while reducing pedestrian fatalities.  The coefficient is statistically 
significant for virtually all models in Table 3.7, ranging in value from 0.360 (0.140) 
(when POP is included (Model 2)) to 0.473 (0.160) (when both LIVER and 
PHYSICIANS are included (Model 10)).74   The coefficient drops to less than 0.28 
and becomes insignificant in those specifications where a drunk driving proxy is 
included without controlling for medical care (Models 4, 5, 9).   
The percentage of motorized two-wheelers in the vehicle stock 
(2WHEELERS) is found to have no effect on the occupant fatality rate (Model 8).  
This is somewhat surprising given the increased vulnerability of motorcycle accident 
victims to bodily injury.     
The results in Table 3.7 suggest that the fatality rate of vehicle occupants 
increases with a country’s rate of motorization.  In Model 1, the elasticity of deaths 
per VKT with respect to the annual growth rate of the motor vehicle fleet 
(VEHGROWTH) is found to be 0.61 (0.30).75  Since VEHGROWTH enters the 
model in linear form, the magnitude of this effect is not large.  Considering that 
                                                 
74 The coefficient on ln(VEH) increases in magnitude to 0.543 (0.200) when medical 
care is proxied by heart attack survival rates (HEART) (Model 7), although the 
sample size decreases drastically. 
75 The coefficient rises to approximately 1 when the liver cirrhosis death rate 
(LIVER) proxies for the amount of drunk driving (Models 5 and 9) but tends to 
decrease in magnitude and significance with the addition of medical control variables 
in Models 6 and 10. 
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VEHGROWTH fell from approximately 0.06 to 0.02 in several countries over the 
sample period,76 the results imply that little more 0.03 percent of the decline in 
fatality rates can be attributed to decreases in the rate of motorization.77   
Population.  Neither total population (POP) nor the percentage of population 
living in urban areas (URBAN) is found to have a significant effect on the occupant 
fatality rate.   This result differs somewhat from Noland’s (2003a) finding that 
increasing population reduces total fatalities (when time dummies are used in place of 
a time trend).78    Noland attributes negative coefficient on total population to 
increasing congestion.   
Road Infrastructure.  Road building is found to increase road safety, as 
suggested by the formal models.  The coefficient on ln(RD) is consistently negative 
and significant across the models in Table 3.7, with the magnitude increasing when 
LIVER is also included (Models 5, 9, 10, 11).   It is interesting to note, however, that 
trends in road conditions seem to counter the beneficial effect of road building to 
some degree.  Since total route length presumably does not decrease over time, 
                                                 
76 For example, the annual growth rate of the vehicle fleet fell from 5.9% in 1965 to 
1.9% in 2002 in Austria, from 6.0% to 1.1% in Denmark, and from 5.0% to 2.0% in 
the United States. 
77 Sensitivity analysis of the Model 1 results with respect to the specification of this 
variable and the countries included in the sample is presented in Section B.6 of 
Appendix B.  In general, the coefficient increases in magnitude as more years are 
included in the average growth rate and if South Korea is dropped from the sample. 
All other coefficient estimates remain stable across specifications.  In the interest of 
maintaining the largest sample size possible, I continue to use VEHGROWTH in all 
other model specifications. 
78 Replacing the time trend with year dummies in Model 2 has no effect on the 
significance of ln(POP) for either road user group. The coefficient becomes 0.294 
(0.325) in the case of vehicle occupants.  
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increases in the road-time interaction (lnRD*t) could reflect an aging or deterioration 
of the existing road network, if repairs are not kept up.  Alternatively, if the building 
of new roads is positively correlated with road maintenance and improvements (lane 
widening, etc.) on existing routes, then the positive coefficient on the road length-
time trend interaction may suggest that trends in road improvements have led to an 
increase in risk taking behavior on the part of drivers.  In part, this could reflect the 
Peltzman (1975) hypothesis, which argues that the effectiveness of safety policies 
depends on the behavioral response of individuals to increased regulation.  Applying 
the theory to roads, the positive coefficient on the road length-time interaction 
(lnRD*t) could reflect offsetting behavior of drivers in response to presumably safer 
roads conditions—driving faster on straighter, wider roads (or highways).79  This 
result is not inconsistent with Noland’s (2003b) finding that road infrastructure 
improvements—additional lane-miles, lane widening and changes in geometric 
design—may even lead to increases in traffic fatalities.80  Since the interpretation of 
the route length-time trend interaction is not clear, measuring the net effect of trends 
in road conditions on traffic deaths per VKT clearly requires more detailed data on 
road maintenance.    
Safer Vehicles.  Safer vehicles (as proxied by interacting the number of 
vehicles with a linear time trend (lnVEH*t)) are found to decrease the occupant 
                                                 
79 Mahalel and Szternfeld (1986) hypothesize that drivers may also feel safer on 
wider roads and reduce cautionary behavior.  
80 Similarly, using monthly data for 18 counties in Norway, Fridstrom and 
Ingebrigsten (1991) also found improvements to the national road network had no 
beneficial effect on safety rates.  
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fatalities per VKT.81  This result is consistent with the idea that safer vehicles provide 
additional protection to vehicle occupants, although the small magnitude of the effect 
on occupant fatalities could suggest some partial offsetting behavior on the part of 
drivers.  In general, the empirical literature examining the offset hypothesis related to 
vehicle safety devices has been somewhat inconclusive.  Peltzman (1975) and 
Garbacz (1990, 1992) find that a reduction in vehicle occupant deaths due to 
improved vehicle safety standards is offset by increases in non-occupant deaths.  
Merrell et al.’s (1999) finding that vehicle safety inspections do not reduce fatality or 
injury rates is not inconsistent with compensating behavior theory.  Other studies of 
the effectiveness of inspections and vehicle safety features such as airbags and anti-
lock brakes have found little evidence of offsetting behavior and claim that improved 
standards have significantly reduced fatality rates (Loeb, 1990; Loeb and Gilad, 1984; 
Farmer et al., 1997; Harless and Hoffer, 2003).  
 Alcohol.  Alcohol consumption (ALCOHOL) has the expected positive sign 
(increasing fatalities per VKT) but it is small in magnitude and statistically 
insignificant (Model 4 in Table 3.7).  Other studies using similar proxies for drunk 
driving have found mixed results.  Zlatoper (1984) found per capita adult alcohol 
consumption had no statistically significant effect on either pedestrians or occupants 
deaths in the U.S. between 1947 and 1980.  Similarly, Keeler (1994) found a positive 
                                                 
81 Interacting the vehicle stock with a linear time trend does not pose the same 
problems of interpretation as the road-time interaction.  As older vehicles go out of 
service, the vehicle mix is tilted toward more recent model year vehicles, which are 
equipped with better safety features.  Hence, holding the size of the vehicle fleet 
constant, increases in the vehicle-time interaction reflect an increase in the average 
safety level of the vehicle stock.   
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but statistically insignificant effect of alcohol consumption on fatalities in the U.S. 
over 1970-1980.  Noland and Quddus (2002) and Loeb (1987), however, suggest 
alcohol consumption to be related to increases in fatalities (in Great Britain and the 
U.S., respectively).82   
As mentioned earlier, the imprecision of the ALCOHOL coefficient could 
reflect the classic errors in variables problem since it is a crude proxy for drunk 
driving.  Replacing ALCOHOL with data on alcohol-attributable death rates, such as 
the number of deaths due to cirrhosis of the liver (LIVER), may provide a better 
measure of excessive alcohol consumption.  The elasticity of traffic fatalities per 
VKT with respect to LIVER is found to be consistently positive and significant in 
across all specifications in Table 3.7 (Models 5, 9, 10, 11).  This reflects an increase 
in the probability of a drunk driver being unable to avoid an imminent accident (q in 
equation (3.14)).     
Medical Treatment Indicators. The elasticity of the fatality rate with respect 
to the number of physicians per capita (PHYSICIANS) has the expected sign in all 
models, but the effect is only statistically significant in the occupant equation when 
                                                 
82 Expenditure measures of alcohol consumption have also produced conflicting 
results.  Noland (2003b, 2000) finds per capita expenditure on alcohol to be 
statistically significant at increasing the total number of fatalities in Great Britain and 
in the U.S.  Whetten-Goldstein et al. (2000) found no significant effect of a price 
index of alcohol consumption on fatality rates in the U.S. over 1984-1995.  McCornac 
(1993) attributes his insignificant coefficient on annual real expenditure on alcohol 
beverages per household in Japan (coefficient is positive but insignificant for both 
non-occupant and occupant deaths) to the fact that alcohol plays a much smaller role 
in accidents in Japan than other countries such as U.S.  He notes that on average only 
7% of traffic fatalities in Japan are attributed to drunk driving over his sample period 
(1966-85).  Similarly, Lindgren and Stuart (1980) found that adult per capita alcohol 
sales (liters of pure ethanol) had no effect on either the occupant or non-occupant 
fatality rate in Sweden (over 1947-73) either.      
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LIVER does not enter the model (Model 6).  In part, the insignificance of the 
PHYSICIANS coefficient in Model 10 and 11 of Table 3.7 could be due to 
multicollinearity between PHYSICIANS and RD and VEH.  (As shown in Table 3.6, 
the correlation coefficient of ln(PHYSICIANS) with ln(RD) and ln(VEH) is 0.9063 
and 0.9558, respectively.)  Overall, my results are not inconsistent with Noland’s 
(2003a) finding that more physicians per capita led to reductions in total fatalities in a 
similar set of countries during 1970-1996, although he did not control for the length 
of the road network.   
Although better measures of the quality of emergency medical care are 
limited, I also explored the effects of an alternate measure, the heart attack survival 
rate (HEART).  Since the correlation coefficient of ln(HEART) with the other 
explanatory variables is less than 0.57, the precision of coefficient estimates should 
be less affected by multicollinearity issues than with PHYSICIANS.  The elasticity of 
occupant fatalities per VKT with respect to HEART is found to be quite large but 
statistically insignificant (-1.016 (0.633) in Model 7).  Since panel lengths and overall 
sample size shrink so dramatically with the inclusion of this variable, however, I 
hesitate to focus on the results from this specification. 
3.5.4.b.  Estimates of occupant fatality equations – with seatbelt usage  
 
Lack of data on seatbelt usage rates results in the models in Table 3.8 being 
estimated with fewer countries and fewer years of data per country than the models in 
Table 3.7.83  One should, therefore, not expect results as robust as those in Table 3.7.  
                                                 
83 The number of countries with data on seatbelt wearing rates on urban roads, rural 
roads, and motorways (as well as data for all other variables in the base model (Model 
1)) is 20, 16, and 15, respectively.  Consequently, the number of observations falls 
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In addition, the dependent variable no longer includes two-wheeler deaths.  In 
general, the signs of the non-seatbelt variables in Table 3.8 agree with those in Table 
3.7, although far fewer variables are statistically significant.   
The elasticity of occupant deaths/VKT with respect to the urban seatbelt 
wearing rate is found to be –0.05 (Models 13-15), but is only statistically significant 
(at the 10% level) if one controls for the percentage of population living in urban 
areas (URBAN).84  The beneficial impact of seatbelts is twice as large on rural roads, 
however.  The coefficient on rural seatbelt wearing rate ranges from –0.10 (0.02) to –
0.14 (0.03) (Models 16-19) and the magnitude and significance (at the 1% level) of 
this coefficient remains stable when other controls are added to the model.  (If Model 
13 is re-estimated using only those countries for which the rural wearing rates are 
available, the elasticity of Occupant Fatalities/VKT increases in magnitude to -0.068 
(0.029) and becomes statistically significant at the 5% level.85)  When wearing rates 
on motorways only enters the model, the elasticity falls slightly in magnitude to –0.09 
(0.04) (Model 21).  It is not surprising that the effect is similar to rural roads since 
motorways are a subset of rural roads.   
There may, of course, be some partial offsetting behavior affecting the safety 
benefits to vehicle occupants that cannot be measured with the results here.  
                                                                                                                                           
(from 680 in the Base Model) to 261, 198, and 191, respectively.  Table 3.3 provides 
a list of the countries included in each subset.   
84 The elasticity estimates from Model 14 do not change if total population (POP) is 
included instead of URBAN but the seatbelt coefficient become insignificant (t stat 
falls to 1.57). 




Examining the extent to which offsetting behavior is influencing the effect of seatbelt 
use on the occupant fatality rate requires more detailed data.  The negative coefficient 
on seatbelt usage can only reassure us that the beneficial effects of seatbelt use to 
vehicle occupants were not completely offset by changes in driver behavior. 
The results in Table 3.9 agree with Cohen and Einav’s (2003) recent estimates 
of the effect of seatbelt usage in the U.S. during 1983-1997.  In fact, when controlling 
for state fixed effects, their estimate of the elasticity of occupant deaths per vehicle 
mile traveled with respect to seatbelt usage is –0.053 (0.022), identical to that found 
in Model 14 in Table 3.9. (Since the NHTSA observational survey data used by 
Cohen and Einav is collected at intersections, I feel their results are most comparable 
to the Models including the urban seatbelt usage rate.)   
Unlike most other studies that control for seatbelt wearing rates (Noland, 
2003b; McCornac, 1993; Garbacz, 1990, 1991; Risa, 1994), Cohen and Einav (2003) 
also attempt to account for the potential endogeneity of the seatbelt usage variable.86  
Since the decision to wear a seatbelt is a choice variable, drivers (and passengers) 
may be more likely to wear a seatbelt when the probability of death is higher.  This 
would create a positive correlation between the usage rate and the error term in 
equation (3.14), thus causing an upward bias in the seatbelt coefficient estimate.  To 
correct for this, Cohen and Einav instrument seatbelt usage with dummy variables 
                                                 
86 The failure to control for this endogeneity could be the reason that Garbacz (1990, 
1991) and Risa (1994) find positive coefficients on usage.  On the other hand, 
McCornac (1993) finds a significant effect of seatbelt use on both occupant and non-
occupant fatalities in Japan over 1966-1985 and Noland (2003b) finds increased 
seatbelt use significantly reduces total deaths in U.S. during 1990-97.  It is not clear 
in either study if the seatbelt usage data measures an average national wearing rate or 
pertains to a particular road/occupant type.   
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indicating the presence of a mandatory seatbelt law and type of enforcement.87 They 
find that the magnitude of the seatbelt effect doubles for occupant fatalities (to –0.133 
(0.047)).   
Unfortunately, since mandatory seatbelt laws did not change over the time 
period of some of the panels included in my sample (and data on the type of 
enforcement is not available for all countries), replicating Cohen and Einav’s 
instrumental variables estimation strategy is not possible here.  However, I did 
attempt to instrument seatbelt usage with a variable equal to the number of years 
since the first mandatory seatbelt law (for front passengers) was passed.  Using this 
instrument (for Models 13, 16, and 20), the magnitude of the elasticity of the 
occupant fatality rate did increase for both urban roads and motorways to –0.229 
(0.178) and –0.114 (0.136), respectively, but the effect is statistically insignificant for 
all three road types.88  Some researchers (including Cohen and Einav who mention 
also finding an insignificant result with a similar instrument) suggest that this result 
supports the hypothesis that the effects of seatbelt laws are immediate and permanent.      
Finally, the estimated elasticities of occupant fatalities/VKT with respect to 
several other control variables become insignificant in the Table 3.8 models.  The 
change in magnitude and significance of some of these elasticities in this smaller 
sample may be due to multicollinearity issues.  For example, the insignificance of 
                                                 
87 The authors argue that the timing of the adoption of mandatory seat belt laws is not 
likely to be endogenous itself due to several other political factors involved in the 
lengthy legislation process.   
88 The elasticity of the occupant fatality rate with respect to the rural seatbelt wearing 
rate becomes 0.069 (0.085).   
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road length and size of the vehicle fleet is probably due to the high correlation 
between these two regressors. The sample correlation coefficients of ln(RD) with 
ln(VEH) is 0.9191. (Table 3.6 displays the correlation among all independent 
variables.)   
3.5.4.c.  Estimates of pedestrian fatality equations – no seatbelt usage  
 
The regression results from models of pedestrian fatalities/VKT (analogous to 
those for occupant fatalities in Table 3.7) are displayed in Table 3.9.  As in the 
vehicle occupant equation, once other factors are included, per capita income ceases 
to be significant in explaining the decline in the pedestrian fatality rate.  Demographic 
trends, reductions in alcohol abuse, growth in the road network and improvements in 
motor vehicles are found to be significant in explaining improvements in pedestrian 
safety, although to different degrees than in the case of vehicle occupants.  Population 
aging trends, for example, are significantly associated with an increase in pedestrian 
deaths/VKT.  These results along with all other specifications of Table 3.9 are 
discussed in detail below.   
Income and the time trend.  The income elasticity of the pedestrian fatality 
rate falls in magnitude from -0.643 (0.146) in equation (3.12) to -0.211 (0.233) 
(evaluated at base model sample mean of YOUTH = .1928).  The opposite is true, 
however, of the importance of the linear time trend, t.  The coefficient on t increases 
slightly in magnitude from -0.060 (0.004) in equation (3.13) to –0.071 (0.027) in the 
Base Model in Table 3.9, suggesting that the pedestrian death rate is falling over time 
even after including additional controls.   
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Age.  An increase in the percentage of driving age population between 15-24 
(YOUTH) is found to have a positive effect on the pedestrian fatality rate.  The 
elasticity is statistically significant across all specifications in Tables 3.9, but the 
magnitude of the effect is generally smaller than in the case of occupant fatalities.  
Evaluated at the sample mean of Model 1 (referred to as the Base Model) of Y, 
$16,630 (1996 $int’l), the elasticity of pedestrian deaths/VKT with respect to 
YOUTH ranges from 0.528 (0.296) (Model 2) to 1.114 (0.284) (Model 11).89  
These results imply that, as in the case of vehicle occupants, this demographic 
trend alone could account for as high as 30% of the decline in occupant fatalities per 
VKT over the sample period.  (Likewise, the coefficient on the YOUTH-income 
interaction term is negative in all specifications in Table 3.9 although it is generally 
only significant in the pedestrian equation when LIVER is included in the model.)  
Peltzman (1975) also found YOUTH to have a large, positive effect on the non-
occupant death rate (elasticity of 1.274 (t-stat = 11.234)) in the U.S. over 1947-65, 
although he included motorcyclists deaths with non-occupants.  Lindgren and Stuart 
(1980), however, find no effect of YOUTH on the non-occupant fatality rate in 
Sweden between 1947-73 (when they include motorcycle deaths in occupant 
fatalities). 
Interestingly, the percentage of driving age population aged 65 and over 
(ELDERLY) is found to have a much larger positive effect on pedestrian fatalities per 
                                                 
89 As in the case of occupant fatalities, the elasticity is larger when LIVER also enters 
the model (Models 5, 9, 10, 11).  When HEART is included (Model 7), the elasticity 
rises to 1.168 (0.593) for pedestrians but the sample size is so small (181 
observations) that I focus less on the results from this specification. 
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VKT than on the occupant fatality rate.  The cause of the differential effect of 
ELDERLY across the two equations is unclear.  If elderly people are more likely to 
walk than to be drivers then the significant effect in the pedestrian equation could 
simply be a result of an increase in the total number of pedestrians.90  On the other 
hand, it could reflect an increase in accidents caused by elderly drivers91 or lower 
pedestrian crash survival rates of elderly accident victims (in which case the occupant 
fatalities/VKT remain unchanged because of the protection offered by vehicle safety 
devices such as seatbelt and airbags).  Teasing out the causes of the ELDERLY 
coefficient remains a topic for future research.  
Motorization.  Increases in the size of the motor vehicle fleet (VEH) are found 
to have opposite effects in the two equations, reflecting the differential effect of 
removing the most vulnerable road users from the road environment (shifting 
pedestrians and bicyclists into vehicles) on the two types of accidents. To the extent 
that increases in VEH reflect a shift of pedestrian road users into vehicles, this should 
reduce pedestrian fatalities but increase vehicle occupant fatalities.  The coefficient 
                                                 
90 Alternatively, pedestrian-motor vehicle accident risk could be higher for older 
pedestrians.  A recent case controlled study of the collision risk involving older 
pedestrians found crosswalk markings to be associated with increased risk of collision 
to older pedestrians at sites without signals or stop signs to stop traffic (Koepsell et 
al., 2002).  
91 If the accidents are occurring at lower speeds then vehicle occupant fatalities per 
accident may not increase but pedestrian deaths per accident will.  One reason to 
think that an increase in elderly drivers might increase overall fatality rates could be 
that slower speeds by elderly drivers could increase the variance in driving speed on 
the roadway, which has been hypothesized by Lave (1985) and others to increase total 
deaths/VKT.  The results here do not seem to be a result of this speed variance 
hypothesis, however, since that should have caused occupant deaths per VKT to 
increase as well. 
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on ln(VEH) has the expected negative sign for pedestrians across all specifications in 
Table 3.9 but the result is only statistically significant (at the 10% level) when the 
percentage of population in urban areas (URBAN) is also included in the model 
(Model 3).   
The percentage of motorized two-wheelers in the vehicle stock 
(2WHEELERS) is found to have no effect on the pedestrian fatality rate (Model 8.)  
The insignificance of this variable is perhaps less surprising than in the case of 
vehicle occupants if, in fact, a pedestrian’s probability of dying given that he/she is 
struck does not depend heavily on the type of vehicle involved in the accident.     
The results in Table 3.9 suggest that the pedestrian fatality rate increases with 
a country’s rate of motorization.  In Model 1, the elasticity of deaths per VKT with 
respect to the annual growth rate of the motor vehicle fleet (VEHGROWTH) is found 
to be 0.75 (0.39),92 although as discussed in the previous section, the magnitude of 
this effect is not large given that VEHGROWTH enters the model in linear form. 
Population.  Pedestrian Fatalities/VKT are not found to increase with total 
population (POP) itself, as the formal model suggests.  However, the elasticity of the 
percentage of population living in urban areas (URBAN) with respect to the 
pedestrian fatality rate is found to be near one (Model 3, 9, 11), presumably reflecting 
an increase in total pedestrian activity, although effect is only statistically significant 
(at the 10% level) when LIVER does not enter the equation (Model 3).    This result 
                                                 
92 As in the occupant equation, the coefficient rises to approximately 1 when the liver 
cirrhosis death rate (LIVER) proxies for the amount of drunk driving (Models 5 and 
9) but tends to decrease in magnitude and significance with the addition of medical 
control variables in Models 6 and 10. 
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differs somewhat from Noland’s (2003a) finding that increasing population reduces 
total fatalities (when time dummies are used in place of a time trend).93     
Road Infrastructure.  The beneficial effect of road building is generally larger 
in the pedestrian equation than in the occupant equation, perhaps because larger road 
networks include more motorways that are separated from foot traffic.  The ln(RD) 
coefficient is consistently negative and significant across all specifications in Table 
3.9, with the magnitude approximately doubling when LIVER is also included 
(Models 5, 9, 10, 11).   However, the coefficient on the route length-time trend 
interaction (lnRD*t) is positive and of nearly the same magnitude as in the occupant 
fatality equation.   As before, whether this reflects an increase in faster or careless 
driving on straighter, wider roads or the effect of decreased maintenance on existing 
networks is a topic requiring more detailed analysis.   
Safer Vehicles.  Safer vehicles (as proxied by (lnVEH*t)) decrease the fatality 
rate of pedestrians.  The magnitude of the effect is smaller than in the occupant 
equation, which is consistent with the idea that a pedestrian’s chances of dying once 
being struck will not depend as much on the safety features of the vehicle involved.  
The negative coefficient on VEHt also suggests that there is little to no offsetting 
behavior on the part of drivers in response to improvements in vehicle safety devices.  
This finding conflicts with Peltzman (1975) and Garbacz (1990, 1992) who claim that 
a reduction in vehicle occupant deaths due to improved vehicle safety standards is 
offset by increases in non-occupant deaths.   
                                                 
93 Replacing the time trend with year dummies in Model 2 has no effect on the 
significance of ln(POP) for either road user group. The coefficient becomes 0.294 
(0.325) in the case of occupants and -0.051 (0.789) in the pedestrian equation. 
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 Alcohol.  The importance of drunk driving in explaining pedestrian 
deaths/VKT is similar to what was found in the occupant fatality model.  Per adult 
alcohol consumption (ALCOHOL) has the expected positive, but insignificant effect 
of increasing fatalities per VKT (Model 4 in Table 3.9).  The elasticity of fatalities 
per VKT with respect to the liver cirrhosis death rate (LIVER), however, is 
consistently positive and statistically significant across all specifications of the 
pedestrian equation (Models 5, 9, 10, 11).  The magnitude of the effect is nearly twice 
as large as it was for occupants.  This reflects perhaps not only an increase in the 
probability of a drunk driver being unable to avoid an imminent accident (q), but also 
risky behavior by pedestrians under the influence of alcohol (thereby increasing e′ in 
equation (3.9′)).     
Medical Treatment Indicators. The elasticity of the fatality rate with respect 
to the number of physicians per capita (PHYSICIANS) has the expected sign but 
remains statistically insignificant in all specifications in Table 3.9.  It is not surprising 
that an increase in medical services had a larger impact on the occupant fatality rate 
than on pedestrian fatalities.  One could assume that the likelihood of death is higher 
for unprotected road users such as pedestrians and bicyclists than vehicle occupants, 
regardless of how quickly accident victims are rushed to the hospital or the quality of 
available medical care.  The precision of the PHYSICIAN coefficient estimate is 
presumably influenced by multicollinearity issues as discussed in the previous 
section.  The elasticity of pedestrian deaths/VKT with respect to the heart attack 
survival rate (HEART) is found to be nearly as large as for vehicle occupants (–0.887 
(0.590) in Model 7) but also remains statistically insignificant.   
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3.5.4.d.  Estimates of non-occupant fatality equations – with seatbelt usage 
 
Table 3.10 summarizes the estimates of the non-occupant fatality rate with the 
inclusion of the seatbelt variables.  As mentioned earlier, the dependent variable 
includes all two-wheeler fatalities.  The coefficient on seatbelt usage is consistently 
small and insignificant across all specifications of the non-occupant fatality rate, 
regardless of which of the three seatbelt wearing rates is used.94  Since seatbelt usage 
can only affect the non-occupant deaths indirectly as a result of increased risk taking 
by belted drivers, the insignificance of this variable suggests there is no evidence of 
such compensating behavior.95 This result is inconsistent with Cohen and Einav’s 
(2003) fixed effects estimates that show a significant, negative effect of seatbelt usage 
on non-occupant fatality rates.  The authors claim the beneficial effect is a result of 
increased safety consciousness of belted drivers, although once they instrument for 
seatbelt usage, their coefficient becomes small and insignificant (-0.042 (0.121)) as 
well.   
Finally, the estimated elasticities of the non-occupant fatality rate with respect 
to several other control variables become insignificant in the Table 3.10 
specifications.  As in the case of vehicle occupants, the change in magnitude and 
                                                 
94 This result is robust to the inclusion of other controls variables: POP instead of 
URBAN, PHYSICIANS, etc.
95 This result differs from Garbacz (1992) and Risa (1994) who find a positive and 
statistically significant effect of usage on nonoccupant fatalities, arguing for the 
presence of compensating behavior. However, Cohen and Einav (2003) show that the 
positive relationship disappears after controlling for state fixed effects. Sen (2001) 





insignificance some of these elasticities in this smaller sample may be due to 
multicollinearity issues.   
 
3.6 Conclusions and Further Research 
 
The findings of this chapter shed light on the importance of underlying factors 
that have helped reduce fatality rates in industrialized countries, countries that have 
been on the downward sloping part of a so-called road safety Kuznets curve over the 
past few decades.   Results from reduced-form models of pedestrian and occupant 
fatalities suggest that demographic changes and road building alone contributed to 
declines in both occupant and non-occupant fatalities per vehicle kilometers driven.  
Motorization trends also matter.  Increases in the size of the vehicle fleet have the 
mechanical effect of increasing occupant deaths and decreasing pedestrian deaths per 
VKT but the significance of the effect on pedestrians is sensitive to model 
specification.  Technological developments, such as the advances in the quality of 
medical services, have also played a role in reducing fatality rates, although 
multicollinearity issues with the available proxies prevent one from detecting the 
magnitude of the effect with precision. 
Direct and indirect effects of policy interventions on the behavior of drivers 
are also found to play a role in improving road safety.  Estimating separate equations 
for vehicle occupants and non-occupants enabled me to test Peltzman’s risk 
compensation hypothesis, albeit with crude proxies measuring improvements in 
vehicle safety standards and road conditions.  Contrary to Peltzman (1975) and 
Garbacz’s (1990, 1992) findings, the results here do not offer strong evidence of an 
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increased demand for risky driving in response to newer, safer vehicles or seatbelt 
usage.  Examining whether offsetting behavior is related to trends in road 
infrastructure conditions requires more detailed data on road improvements and 
maintenance.  The results also provide some evidence of the extent to which 
excessive alcohol consumption has influenced road fatality rates.  The effect is found 
to be nearly twice as large on pedestrian deaths per VKT, suggesting a larger risk to 
pedestrians from drunk drivers and/or an increase in risk taking by pedestrians under 
the influence of alcohol.  
The results presented here are limited in what they can say about the influence 
of factors on the occupant fatality rates of particular vehicle types.  For example, the 
insignificant effect of the percentage of two-wheelers in the vehicle fleet is 
perplexing.  More detailed analysis (using data on the vehicle-kilometers traveled by 
motorized two-wheelers and motorcycle helmet use) would shed more light on the 
factors underlying improvements in the overall occupant fatality rate.  A better 
understanding of the determinants of two-wheeler deaths per VKT would be 
especially instructive in rapidly growing countries (e.g., India and Taiwan) where 
two-wheelers make up over 70% of the motorized vehicle fleet.   
Finally, the finding that the pedestrian fatality rate increases with the 
percentage of driving population over the age of 64 is a result that requires further 





Table 3.1.    Traffic Fatality Trends in IRTAD Countries, 1970-99 





















Australia - 54b - 44b 19 + 125 - 65b - 57b - 79 
Austria - 76 - 47 23 + 207 - 92 - 83 - 86 
Belgium - 74a - 40a 20 + 204 - 90a - 76a - 85 
Canada - 63 - 34 16 + 127d - 58n - 29n - 37n 
Czech Republic - 26b + 60b 33 + 80b - 59b - 12b - 36b 
Denmark - 71 - 49 27 + 94 - 85 - 74 - 78 
Finland - 73 - 48 30 + 177 - 90 - 81 - 85 
France - 71 - 40 15 + 187 - 90 - 79 - 82 
Germany - 82 - 52 21 + 168 - 93 - 82 - 87 
Greece 0 + 150 20 + 585e - 83e - 65e - 71e 
Hungary - 20 - 19 46 + 238f - 75f - 74f - 75f 
Iceland - 44b    0b 24 + 159g - 68b - 42b -51b 
Ireland - 62 + 16 26 + 141h - 74h - 57h - 64h 
Italy - 70 - 22 19 + 132i - 82i - 60i - 68i 
Japan - 58 - 48 42 + 238 - 87 - 85 - 86 
Luxembourg - 95 - 37 3 + 116j - 85j - 66j - 69j 
Netherlands - 73 - 62 28 + 127 - 88 - 83 - 85 
New Zealand - 43 - 17 14 + 199 - 81 - 72 - 74 
Norway - 79 - 24 16 + 178 - 92 - 73 - 80 
Poland - 2b + 28b 47 + 1317  - 73b - 64b - 86 
Portugal - 42 + 79 22 + 175k - 95k - 80k - 89k 
South Korea - 40c + 7c 41 + 594l - 73 - 48o - 62o 
Spain - 43 + 29 18 + 448 - 90 - 77 - 81 
Sweden - 71 - 48 23 + 88 - 85 - 72 - 76 
Switzerland - 75 - 59 27 + 88 - 87 - 78 - 81 
Turkey - 59c - 18c 22 + 716 - 82c - 63c - 70c 
United 
Kingdom - 69 - 43 30 + 130m - 86m - 75m - 80m 
United States - 41 - 16 14 + 144 - 76 - 66 - 68 
a %change (1973-99), b %change (1980-99), c %change (1988-99), d %change (1970-2000), e %change (1971-98),  
f%change (1970-97), g%change (1971-99), h%change (1976-96), i%change (1970-91), j%change (1983-98),  




Table 3.2.  Pedestrian and Occupant Fatalities/VKT as a Function of Income and Time Trendsa 
 Ln(Pedestrian Fatalities/VKT) Ln(Occupant Fatalities/VKT) 
1 2  3 4 5 1 2  3 4 5
lnY 
-0.376**   
(0.187)      
-3.494   
(3.633) 
-4.613   
(4.121) 
-0.077   
(0.268)
-4.503**   
(1.952) 
-7.727*   
(4.676) 
(lnY)2        
0.148    
(0.189) 
0.223   
(0.212)
0.222**   
(0.100) 
0.403*   
(0.242) 
lnY for: 
$4,552–13,165         
-0.706***   
(0.270) 
-0.475*   
(0.286)
-0.328   
(0.233) 
-0.349   
(0.350)
$13,165-16,565       
-1.073***   
(0.339) 
-0.751**   
(0.302) 
-0.675**   
(0.293) 
-0.284   
(0.406) 
$16,565-20,700         
-0.776**   
(0.390) 
-0.347   
(0.362)




$20,700-44,227       






0.570**   
(0.266) 
Common T  
-0.059***   
(0.005)         
-0.060***   
(0.004)
-0.043***   
(0.005)










16.748   
(17.451) 
21.040   
(19.991) 






20.222**   
(9.591) 
34.927   
(22.632) 
Turning Point 
(1996 Int’l$):         $129,500 $30,800 $25,384 $14,572
Adjusted R2:           0.9677 0.9560 0.9686 0.9547 0.9679 0.9587 0.9502 0.9617 0.9485 0.9604
Countries           32 32 32 32 32 32 32 32 32 32
Observations           830 830 830 830 830 830 830 830 830 830
       
*** Indicates 1% level of significance ** Indicates 5% level of significance   
* Indicates 10% level of significance 
a Heteroskedasticity-corrected standard errors, clustered on country to allow for within panel autocorrelation, are given in parentheses.  
 
Country fixed effects were included in all regressions but are not displayed here.  Models 1, 3, and 5 for both Occupant Fatalities/VKT and Pedestrian 
Fatalities/VKT include country specific time trends.  The time trend coefficients from these models are displayed in Table B.8 in Appendix B. 
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Australia 21 12    
Austria 34 23 22 22 22 
Belgium 29 29 5 5 5 
Canada 40 25 13   
Chile 4 4    
Czech Republic 13 6    
Denmark 33 32 2 2 21 
Finland 34 31 14 10 1 
France 34 33 23 31 31 
Germany* 33 26 9 17 9 
Greece 31 16   1 
Hungary 32 25 5 5 4 
Iceland 22 21    
Ireland 27 19 1 1  
Israel 13 13    
Italy 30 27    
Japan 33 33 26  26 
Korea, Republic  13 13 3   
Luxembourg 30 27    
Netherlands 33 31 17 17 17 
New Zealand 33 25 7 7  
Norway 32 32 24 24 5 
Poland 18 14    
Portugal 22 9    
Slovak Republic 4 4    
Slovenia 6 6 6 6 6 
Spain 32 20 4 3 1 
Sweden 34 26 9 9 9 
Switzerland 34 34 33 34 33 
Turkey 10 8    
United Kingdom 33 27 20 5  
United States 33 29 18   
Countries: 32 32 20 16 15 
Total 
Observations: 830 680 261 198 191 









Table 3.4.  List of Variables 
Pedestrian 
Deaths/VKT Number of pedestrians & bicyclists killed/Million vehicle km traveled 
Occupant 
Deaths/VKT Number of vehicle occupants killeda/Million vehicle km traveled 
Y Real per capita GDP (1996 international prices) 
YOUTH Population aged 15-24/Population ages 15 and over 
ELDERLY Population ages 65 and over/Population ages 15 and over 
VEH 
Total number of vehicles (including cars, buses, trucks, motorized two-
wheelers) 
VEHGROWTH % Change in the vehicle stock (VEH) from the previous year 
2WHEELERS Number of motorized two-wheelers, as % of total vehicle stock (VEH)  
RD Total route length of the road network (kms) 
POP Total midyear population 
URBAN % Population living in urbanized areas  
ALCOHOL Total alcohol consumption/Population age 18+  (liters) 
LIVER Deaths due to cirrhosis of the liver/100,000 Persons aged 15 and over 
PHYSICIANS Number of licensed physicians/10,000 Persons 
HEART 
Calculated heart attack survival rate; HEART = Number of hospital 
discharges following acute myocardial infarction/(Number of hospital 
discharges + Number of deaths due to myocardial infarction) 
Seatbelt –
URBAN Roads % of Car drivers wearing seatbelts on urban roads 
Seatbelt – 
RURAL Roads % of Car drivers wearing seatbelts on rural roads 
Seatbelt – 
MOTORWAYS  % of Car drivers wearing seatbelts on motorways 




Table 3.5.  Descriptive Statistics 
Variable N Mean Std. Dev. Minimum Maximum 
Income-Only Sample:      
Total Road Deaths 830 5453.396 9309.744 10 54589 
Pedestrian Deaths 830 1474.543 2095.169 1 10243 
Vehicle Occupant Deaths 830 3978.849 7515.317 7 44399 
Vehicle-Kilometers Traveled 
VKT (millions) 830 239875.7 606124.6 1143 4478154 
Pedestrian Deaths/VKT 830 0.0150 0.0254 0.0005 0.2867 
Occupant Deaths/VKT 830 0.0277 0.0289 0.0036 0.2561 
Real per capita GDP  
(1996 int’l$) 830 17001.370 5672.683 4552.19 44227.23 
Year 830 1986.434 9.799 1963 2002 
Number of countries: 32     
Base Sample (Models 1-3 in Tables 3.X-3.X):  
Pedestrian Deaths 680 1534.712 2172.096 1 10243 
Vehicle Occupant Deaths 680 4132.106 7739.631 7 44399 
VKT (millions) 680 254771.4 637936.8 1185 4478154 
Pedestrian Deaths/VKT 680 0.0143 0.0270 0.0005 0.2867 
Occupant Deaths/VKT 680 0.0260 0.0297 0.0036 0.2561 
Real per capita GDP  
(1996 int’l$) 680 17559.22 5522.279 4552.19 43989.44 
YOUTH 680 0.1954 0.0326 0.1309 0.3226 
ELDERLY 680 0.1633 0.0281 0.0642 0.2169 
VEH 680 1.82E+07 3.70E+07 88000 2.21E+08 
RD (kms) 680 522180 1242434 4447 6354229 
VEHGROWTH 680  0.0354   0.0359  -0.1211  0.3069 
POP 680 3.50e+07 5.34e+07 227000 2.85e+08 
URBAN (%) 680 75.0110 12.2654 23.9000 97.3937 
Year 680 1987.246 9.150 1964 2002 
Number of countries: 32     
Other Variables:      
ALCOHOL  581 10.67833 3.707288 .6305346 21.66784 
Countries (Model 4): 30     
LIVER  515 19.13813   14.78251  .5025126  102.9524 
Countries (Model 5): 30    
PHYSICIANS 536 68.02888   122.5449  .397  763.519 
Countries (Model 6): 29    
HEART 181 0.6370562 0.0661428  0.486651  0.8059888 
Countries (Model 7): 23    
2WHEELERS (%) 613 12.84394   11.20714  0.6600004  60.61508 
Countries (Model 8): 31     
Seatbelt-URBAN Roads (%) 261 63.82623   23.2948  3 97 
Countries (Model 12): 20     
Seatbelt- RURAL Roads (%) 198 74.23889   19.41811  6 97 
Countries (Model 13): 16     
Seatbelt-MOTORWAYS(%) 191 77.2644   21.26288  12 99 
Countries (Model 14): 15     
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Table 3.6.  Correlation Coefficients Among Independent Variables 
Base Sample (Models 1-3; 680 observations): 






WTH Ln(VEH) Ln(RD) Ln(VEH)*t Ln(RD)*t t Ln(POP)
Ln(URB
AN)
Ln(Y) 1            
Ln(YOUTH) -0.5508           1
Ln(YOUTH)* 
Ln(Y) -0.7328          0.9708 1
Ln(ELDERLY) 0.4066         -0.7042 -0.6785 1
VEHGROWTH -0.4156        0.3561 0.3998 -0.5166 1
Ln(VEH) 0.1094        -0.1013 -0.1112 0.0403 -0.1142 1
Ln(RD) 0.0142       0.0225 0.0165 -0.0226 -0.1243 0.9191 1
Ln(VEH)*t 0.3915     -0.4944 -0.5219 0.2173 -0.1742 0.2977 0.1611 1
Ln(RD)*t 0.3756    -0.4717 -0.4987 0.2102 -0.1927 0.326 0.2386 0.9897 1
T 0.383   -0.4775 -0.5067 0.2012 -0.1506 0.0256 -0.0942 0.957 0.9367 1
Ln(POP) -0.1371  0.0385 0.0703 -0.1106 0.0441 0.9588 0.8973 0.2086 0.2393 -0.0583 1
Ln(URBAN) 0.4493 -0.1193 -0.2241 0.0914 -0.2874 0.0974 0.035 0.1622 0.1517 0.1553 -0.0082 1
 
Other Variables (Number of observations vary according to model): 






WTH Ln(VEH) Ln(RD) Ln(VEH)*t Ln(RD)*t t Ln(POP)
Ln(URB
AN)
Ln(ALCOHOL) 0.1280  -0.3337 -0.2950 0.3781 -0.1669 0.1469  0.0872  -0.1737 -0.1868 -0.2394 0.0719  -0.1382
Ln(LIVER) -0.2726  -0.2568 -0.1221 0.1201 0.2290 0.2910 0.1781 -0.0335 -0.0650 -0.1347 0.3488 -0.3252
Ln(PHYSICIANS)   -0.1032 -0.0318 0.0045 -0.0514 -0.0281 0.9624 0.9095 0.3758 0.4109 0.1158 0.9770 -0.0533
2WHEELERS -0.4196  0.1029 0.2032 -0.2064 0.3093 0.1071 0.0315 -0.2795 -0.3006 -0.3351 0.2398 -0.2921
Ln(Seatbelt: 
URBAN) 0.2724 -0.4258 -0.4309 0.4364 -0.3098 0.0441 0.0119 0.6278 0.6144 0.6671 -0.0104 0.2844
Ln(Seatbelt: 
RURAL) 0.2327 -0.3954 -0.3825 0.3056 -0.3023 0.0897 0.0678 0.6437 0.6450 0.6349 0.0073 0.2521
Ln(Seatbelt: 
MOTORWAYS) 0.3279 -0.3148 -0.3397 0.5757 -0.4896 0.0251 -0.0090 0.5443 0.5364 0.5579 -0.0492 0.1864
Correlation Coefficients for additional variables: 
 (408 obs): Ln(URBAN) Ln(LIVER) Ln(PHYSICIANS)  Ln(LIVER) Ln(PHYSICIANS)
Ln(URBAN)  1
Ln(Seatbelt: URBAN)  
(164 obs) -0.3052 0.0312
Ln(LIVER)  -0.4011 1
Ln(Seatbelt: RURAL) 
(105 obs) -0.2188 0.3320
Ln(PHYSICIANS)  -0.0652 0.2464 1
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Table 3.7.  Results for Occupant Fatalities/VKT Models – No Seatbelt Usage 
 1 (Base Model) 2 3 4 5 6 7 







































































































































(0.331)      
Ln(URBAN)   
-0.091 
(0.346)     
Ln(ALCOHOL)    
0.008 
(0.095)    
Ln(LIVER)     
0.101* 
(0.053)   
Ln(PHYSICIANS)      
-0.303* 
(0.167)  
Ln(HEART)       
-1.016 
(0.633) 













Adj. R-squared 0.9602 0.9601 0.9601 0.9609 0.9543 0.9630 0.9733 
Observations 680 680 680 581 515 537 181 
Countries 32 32 32 30 30 29 23 
        
Elasticity with 
respect to Y a: 
-0.008   
(0.129) 
-0.009    
(0.129) 
-0.011   
(0.130) 
-0.054   
(0.135) 
-0.180   
(0.133) 
-0.056   
(0.112) 
0.469   
(0.396) 
Elasticity with 
respect to YOUTH 
a: 
0.610**   
(0.257) 
0.619**    
(0.259) 
0.608**   
(0.258) 
0.635**   
(0.289) 
0.864***   
(0.291) 
0.717***   
(0.256) 
1.397**   
(0.710) 
*** Indicates 1% level of significance ** Indicates 5% level of significance   
* Indicates 10% level of significance 
a Elasticities are evaluated at mean ln(Y) and ln(YOUTH) of  base model sample: Y = $16,630 (1996 Int’l 
dollars), YOUTH = 0.1928.  For example, in Model 1, the income elasticity of the occupant fatality rate = 








Model) 8 9 10 11   








(0.719)   




















(0.397)   








(0.205)   








(0.345)   








(0.004)   








(0.004)   








(0.019)   








(0.398)   








(0.285)   




(0.712)   






(0.048)   




(0.162)   
2WHEELERS  
0.001 
(0.004)      








(11.092)   
Adj. R-squared 0.9602 0.9624 0.9542 0.9606 0.9606   
Observations 680 613 515 408 408   
Countries 32 31 30 26 26   
        
Elasticity with 
respect to Y a: 
-0.008   
(0.129) 
-0.024   
(0.126) 
-0.179   
(0.136) 
-0.272**   
(0.112) 
-0.273**    




0.610**   
(0.257) 
0.751***   
(0.226) 
0.870***   
(0.299) 
0.959***   
(0.315) 
0.979***   
(0.322)    
*** Indicates 1% level of significance ** Indicates 5% level of significance   
* Indicates 10% level of significance. 
a Elasticities are evaluated at mean ln(Y) and ln(YOUTH) of  base model sample: Y = $16,630 (1996 Int’l 
dollars), YOUTH = 0.1928. 
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deaths) 13 14 15 16 17 








































0.215 0.241 0.222 0.252 0.274 0.214 
(0.146) (0.316) (0.302) (0.400) (0.261) (0.331) 
-0.391** -0.377** -0.788* -0.837** -0.177 -0.817* 
(0.480) 
-0.845* Ln(RD) (0.155) (0.153) (0.409) (0.404) (0.437) (0.465) 
-0.012*** -0.011*** -0.010** -0.010** -0.006 -0.015** -0.014** Ln(VEH)*t (0.002) (0.002) (0.004) (0.004) (0.005) (0.006) (0.007) 
0.013*** 0.010*** 0.010** 0.011** 0.010 0.014** 0.014** Ln(RD)*t (0.002) (0.002) (0.004) (0.004) (0.006) (0.006) (0.007) 
-0.015 0.008 -0.012 -0.027 -0.084* 0.021 0.002 T (0.014) (0.014) (0.022) (0.024) (0.051) (0.025) (0.038) 
0.609** 0.697** 0.778* 0.936* 0.882 -0.145 -0.015 VEHGROWTH (0.301) (0.316) (0.430) (0.535) (0.738) (0.489) (0.414) 
0.065 0.143 0.349 0.376 0.426 0.868 0.958 Ln(ELDERLY) (0.215) (0.193) (0.267) (0.247) (0.361) (0.544) (0.608) 
Ln(LIVER)     
0.079 
(0.077)   







Ln(Seatbelt wearing rates): 






(0.033)   





    Motorways        













Adj. R-squared 0.9602 0.9480 0.9700 0.9712 0.9692 0.9661 0.9666 
Observations 680 636 261 261 180 198 198 
Countries 32 30 20 20 16 16 16 
        
Elasticity with 
respect to Y a: 
-0.008   
(0.129) 
0.000   
(0.155) 
0.306   
(0.235) 
0.547**   
(0.237) 
0.553**   
(0.282) 
0.097   
(0.193) 
0.366   
(0.394) 
Elasticity with 
respect to YOUTH 
a: 
0.610**   
(0.257) 
0.707**   
(0.311) 
0.983**   
(0.385) 
0.882***   
(0.296) 
0.695   
(0.460) 
0.321   
(0.724) 
0.320   
(0.693) 
Elasticity with 
respect to Y b: 
0.101   
(0.124) 
0.097    
(0.169) 
0.422   
(0.267) 
0.634**   
(0.248) 
0.567*    
(0.299) 
0.119   
(0.687) 
0.443   
(0.401) 
Elasticity with 
respect to YOUTH 
b: 
0.372   
(0.248) 
0.494*   
(0.299) 
0.730**   
(0.365) 
0.692**   
(0.308) 
0.665**   
(0.319) 
0.189   
(0.215) 
0.152   
(0.682) 
*** Indicates 1% level of significance ** Indicates 5% level of significance   
* Indicates 10% level of significance 
a Elasticities are evaluated at mean ln(Y) and ln(YOUTH) of  base model sample: Y = $16,630 (1996 Int’l dollars), 
YOUTH = 0.1928. 
b Elasticities are evaluated at mean ln(Y) and ln(YOUTH) of model #9 sample: Y = $19,980 (1996 Int’l dollars), 
YOUTH = 0.1777. 
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(Table 3.8. Continued) 
 





deaths) 18 19 20 21  

















































































































Ln(LIVER)   
-0.128 
(0.110)     







Ln(PHYSICIANS)    
-0.572** 
(0.293)    
Ln(Seatbelt wearing rates): 
    Urban roads        




(0.023)    
















Adj. R-squared 0.9602 0.9480 0.9744 0.9724 0.9734 0.9744  
Observations 680 636 138 148 191 191  
Countries 32 30 14 15 15 15  
        
Elasticity with 
respect to Y a: 
-0.008   
(0.129) 
0.000   
(0.155) 
  0.256    
(0.256) 
0.220   
(0.189) 
0.450   
(0.310) 





0.610**   
(0.257) 
0.707**   
(0.311) 
-0.485   
(0.515) 
0.744***   
(0.243) 
1.560***   
(0.392) 
1.448***   
(0.370)  
Elasticity with 
respect to Y b: 
0.101   
(0.124) 
0.097    
(0.169) 
  0.008   
(0.360) 
0.325**   
(0.139) 
0.565*   
(0.316) 





0.372   
(0.248) 
0.494*   
(0.299) 
0.056   
(0.352) 
0.515**    
(0.279) 
1.309***   
(0.323) 
1.239***   
(0.273)  
*** Indicates 1% level of significance ** Indicates 5% level of significance   
* Indicates 10% level of significance 
a Elasticities are evaluated at mean ln(Y) and ln(YOUTH) of  base model sample: Y = $16,630 (1996 Int’l dollars), 
YOUTH = 0.1928. 
b Elasticities are evaluated at mean ln(Y) and ln(YOUTH) of model #9 sample: Y = $19,980 (1996 Int’l dollars), 




Table 3.9. Results for Pedestrian Fatalities/VKT Models – No Seatbelt Usage 
 1 (Base Model) 2 3 4 5 6 7 







































































































































(0.752)      
Ln(URBAN)   
0.974*  
(0.499)     
Ln(ALCOHOL)    
0.189  












   
-0.887  
(0.590) 













Adj. R-squared 0.9606 0.9605 0.9613 0.9600 0.9604 0.9616 0.9677 
Observations 680 680 680 581 515 537 181 
Countries 32 32 32 30 30 29 23 
        
Elasticity with 
respect to Y a: 
-0.290*   
(0.148) 
-0.289*   
(0.149) 
-0.254*   
(0.145) 
-0.405**   
(0.195)  
-0.172   
(0.195) 
-0.259   
(0.158) 
0.438   
(0.310)  
Elasticity with 
respect to YOUTHa: 
0.541**   
(0.273) 
0.528*   
(0.296) 
0.561**   
(0.268)   
0.556*   
(0.291) 
0.656**   
(0.323) 
0.785***   
(0.256) 
1.168**   
(0.593)    
*** Indicates 1% level of significance ** Indicates 5% level of significance   
* Indicates 10% level of significance 
a Elasticities are evaluated at mean ln(Y) and ln(YOUTH) of  base model sample: Y = $16,630 (1996 Int’l 
dollars), YOUTH = 0.1928 
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Model) 8 9 10 11   







































































































Ln(URBAN)   
1.024  
(0.928) 
 1.494  
(0.950)   






(0.066)   
Ln(PHYSICIANS)   
 -0.137  
(0.226) 
-0.027  
(0.212)   
2WHEELERS  -0.007  (0.005)   
   










Adj. R-squared 0.9606 0.9633 0.9607 0.9622 0.9629   
Observations 680  613 515 408 408  
Countries 32 31 30 26 26   
        
-0.290*   
(0.148) 
-0.249   
(0.164)  
-0.164   
(0.201) 
-0.197   
(0.186)  
Elasticity with 
respect to YOUTH 
a: 
0.541**   
(0.273) 
0.534*   
(0.304)  
0.704**    
(0.327)  
1.036***   
(0.268) 
1.114***   
(0.284)     
Elasticity with 
respect to Y a: 
-0.199   
(0.190)  
*** Indicates 1% level of significance ** Indicates 5% level of significance   
* Indicates 10% level of significance 
a Elasticities are evaluated at mean ln(Y) and ln(YOUTH) of  base model sample: Y = $16,630 (1996 Int’l 
dollars), YOUTH = 0.1928 
 123
 
Table 3.10. Results for Non-Occupant Fatalities/VKT Models – Seatbelt Usage 
 





deaths) 13 14 15 16 17 






































































































































Ln(URBAN)    
0.744 
(0.526)   
-0.158 
(0.751) 
Ln(LIVER)     
0.003 
(0.090)   
Ln(Seatbelt wearing rates): 






(0.023)   





    Motorways        









Adj. R-squared 0.9606 0.9609 0.9845 0.9847 0.9870 0.9812 0.9811 
Observations 680 636 261 261 180 198 198 
Countries 32 30 20 20 16 16 
       
Elasticity with 
respect to Y a: 
-0.290*   
(0.148) 
0.281***   
(0.107) 
-0.030   
(0.219) 
0.126   
(0.175) 
0.280   
(0.205) 
-0.210   
(0.221) 
-0.259   
(0.307) 
Elasticity with 
respect to YOUTHa: 
0.541**   
(0.273) 
1.092***   
(0.309) 
1.340***   
(0.341) 
0.806***   
(0.269) 
1.157***   
(0.345) 
0.620   
(0.415) 
0.620   
(0.427) 
Elasticity with 
respect to Y b: 




0.373*   
(0.206) 
0.509***   
(0.111) 
0.487**   
(0.238) 
0.013   
(0.203) 
-0.033   
(0.294) 
b: 
0.467*   
(0.262) 
0.516**   
(0.263) 
0.617**   
(0.268) 
0.593**   
(0.238) 
0.888***   
(0.245) 
0.133   
(0.339) 







*** Indicates 1% level of significance ** Indicates 5% level of significance   
* Indicates 10% level of significance 
a Elasticities are evaluated at mean ln(Y) and ln(YOUTH) of  base model sample: Y = $16,630 (1996 Int’l 
dollars), YOUTH = 0.1928. 
b Elasticities are evaluated at mean ln(Y) and ln(YOUTH) of model #9 sample: Y = $19,980 (1996 Int’l 





(Table 3.10. continued) 
 






   
 





   
 




















   
 











   
 





   
 





   
 





   
 
Ln(URBAN)       
Ln(Seatbelt wearing rates): 
    Urban roads        
    Rural roads        
    Motorways   
0.030 
(0.022) 
   
 





   
 
Adj. R-squared 0.9606 0.9609 0.9858     
Observations 680 636 191     
Countries 32 30 15     
        
Elasticity with 
respect to Y a: 
-0.290*   
(0.148) 
-0.030   
(0.219) 
0.532***   
(0.186) 
   
 
Elasticity with 
respect to YOUTHa: 
0.541**   
(0.273) 
0.806***   
(0.269) 
1.672***   
(0.368) 
   
 
Elasticity with 
respect to Y b: 




0.823***    
(0.171) 
   
 
b: 
0.467*   
(0.262) 
0.516**   
(0.263) 
1.036***    
(0.247) 







Ln(VEH) -0.184 -0.548 (0.345) 




Ln(LIVER)        
Elasticity with 
respect to YOUTH
*** Indicates 1% level of significance ** Indicates 5% level of significance   
* Indicates 10% level of significance 
a Elasticities are evaluated at mean ln(Y) and ln(YOUTH) of  base model sample: Y = $16,630 (1996 Int’l 
dollars), YOUTH = 0.1928. 
b Elasticities are evaluated at mean ln(Y) and ln(YOUTH) of model #9 sample: Y = $19,980 (1996 Int’l 





SUMMARY AND CONCLUSION 
 
This dissertation makes a contribution to the understanding of the 
socioeconomic determinants of road traffic fatality rates worldwide.  It provides the 
first comprehensive documentation of the variation in traffic fatalities across 
countries at different stages of economic development in recent decades.  Using panel 
data from over 80 countries since the 1960s, the basic relationship between road 
safety and income levels is investigated in an Environmental Kuznets Curve 
framework.  
 The results confirm that traffic fatalities do indeed follow an inverted U-
shaped relationship with income, with traffic fatality risk beginning to decline at 
income levels (above $ 8,000 in 1985 international prices) similar to those found for 
several environmental externalities.  A decomposition of the fatality risk-income 
relationship also suggests that the improvement in road safety that accompanies 
income growth will depend on policies that reduce fatalities per vehicle rather than on 
those that reduce the level of motorization.  
The significance of these findings is twofold.  First, the results identify the 
income level at which road safety tends to improve rather than worsen.  Second, 
projections of traffic fatalities based on the Kuznets curve estimates indicate that, if 
developing countries follow historic trends, it will take many years for them to 
achieve the motor vehicle fatality risks of high-income countries.  This alerts 
policymakers to what is likely to happen if additional measures are not enacted to 
 126
 
reduce traffic accidents.  The forecasts also offer a baseline scenario for the next 
twenty years, against which to evaluate progress towards achieving national road 
safety goals.   
Formulation of a policy framework in developing countries that are intent on 
reducing road death tolls should be based on an understanding of the interventions 
that have proved to be the most cost-effective in industrialized countries.  Such a 
framework includes measures aimed at improving driving behavior and road 
conditions so as to reduce the number of accidents, on one hand, and measures 
focused on improving vehicle crashworthiness and medical care to reduce the fatality 
risk of accident victims, on the other.   
The quantitative results highlight the factors that contributed to the historic 
decline in traffic fatality rates in industrialized countries since 1970.  Against the 
background of a large empirical literature evaluating the effectiveness of particular 
road safety policies, the analysis presented here is an initial attempt to use cross-
country time-series data to examine the role of various factors on pedestrian and 
vehicle occupant fatality rates separately.  Although in some respects analysis based 
on aggregate level inter-country panel data should provide more general and robust 
estimates of the systemwide effects of certain factors than studies using within-
country data, country level analysis is still subject to certain limitations.  Sufficiently 
long time-series data on specific road safety policies (e.g., alcohol taxes and law 
enforcement measures) at the country level, for example, are limited.  The availability 
of emergency transport services and medical technology is also difficult to measure.  
Most important, data limitations prevent the explicit control for vehicle speed.  Even 
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if enough speed data were available for panel analysis, however, an examination of 
the effect of average traffic speed on road safety would be more reliable if it was 
specific to road type. 
The present analysis is unable to capture the effectiveness of policies across 
different road classes (urban vs. rural, high speed vs. low speed).  As countries 
continue to develop, the types of road networks that will be built will depend, in part, 
on trends in urbanization.  Therefore, it is important to understand the effects that 
various interventions have had on different types of roads.  For example, the finding 
that seatbelt usage on rural roads has a greater impact on vehicle occupant deaths per 
distance traveled than increased urban seatbelt use could imply that seatbelts are more 
effective on rural roads (including higher speed roads) than on urban (presumably 
lower speed) roads.  On the other hand, it could simply reflect a greater amount of 
vehicle travel outside of urban areas.  Separate estimates for urban and rural vehicle 
occupant death rates could help shed light on the extent to which this is true.   
Examination of death rates by road class could also help to quantify the extent 
to which an intervention on one road will influence safety rates on other road classes 
and/or the number of traffic deaths per distance traveled on all roads.  Road design or 
legislative changes allowing for higher speeds on motorways, for example, could 
induce drivers to increase vehicle speeds on adjoining roads. Likewise, the overall 
fatality rate could increase due to route diversion effects resulting from certain 
policies.  If non-motorway rural roads have more deaths per vehicle distance traveled 
than highways, increased enforcement of highway speeds could cause a diversion of 
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traffic onto other (less safe) roads, thereby increasing the deaths per distance traveled 
on all road types.  
Subject to the caveats mentioned above, the findings point to three areas of 
policy that may be influential in reducing fatality rates in developing countries.  First, 
in countries where young persons (between 15 and 24 years of age) comprise an 
increasing share of the driving population, adopting policies aimed at improving 
young driver education and reducing speeds will be crucial.  The importance of young 
drivers in road fatalities is found to have diminished in industrialized countries as 
incomes increased, reflecting either increased risk aversion or more widespread driver 
education with increases in economic prosperity.  However, the increased risk to both 
vehicle occupants and pedestrians posed by young road users still more than offsets 
this beneficial effect of income growth, thereby suggesting that interventions aimed at 
young drivers continues to command considerable attention.   
Second, mandating vehicle safety standards and enforcing seatbelt usage may 
be more effective in achieving road safety targets than increasing expenditures on 
roadway infrastructure improvements.  Increasing the size of the road network, 
holding all else equal, may prove to be beneficial by reducing the probability of a 
traffic collision.  However, evidence from the experience of industrialized countries 
suggests that the road safety problem may be exacerbated if existing road networks 
are not properly maintained and repaired, or if significant investments in new 
roadway design technologies are made without effective speed enforcement to 
prevent an increase in risk-taking behavior on the part of drivers.  The safety benefits 
from newer vehicle fleets (equipped with safety innovations, such as airbags and anti-
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lock brakes) and seatbelt usage may also be partially offset by changes in driving 
behavior (the extent to which cannot be disentangled in the present analysis) but these 
factors are still found to have an overall beneficial impact on the safety of both 
vehicle occupants and non-occupants.   
Third, the findings confirm that special attention must be paid to improving 
the safety of the most vulnerable road users.  Although a mechanical decline can be 
expected in the number of pedestrian deaths per vehicle distance traveled as 
motorization rates increase, policies targeted toward pedestrian safety (with a special 
focus on urban areas and the role of alcohol consumption) remain critical.   
Among the numerous topics for further research a few key paths stand out.  
As discussed above, developing separate models of traffic fatalities for different road 
categories could shed light on the importance of factors in improving road safety in 
rural versus urban road environments.  Such an analysis may provide a richer 
understanding of the effect of seatbelt usage on different speed roads and the extent of 
offsetting driving behavior due to road improvements.  This investigation would be 
especially useful in developing road safety interventions in rapidly urbanizing low-
income countries.  A separate assessment of the determinants of motorcycle fatality 
rates would also be instructive in shaping policy in developing countries where 
motorized two-wheelers comprise the vast majority of the vehicle fleet.  In addition, 
the finding that the pedestrian fatality rate increases with the proportion of elderly 
population (over 64 years of age) is a result that requires further attention.  The policy 
significance of this result depends on whether the finding simply reflects an increase 
in pedestrian activity or if it is a result of elderly driving behavior.  Disentangling 
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these effects would be even more informative for industrialized countries that are 
aging much faster than most developing countries.  
Finally, in this analysis, by its very nature, all countries regardless of size are 
treated as observationally equivalent, for estimation purposes.  Hence, as more 
reliable data becomes available, it could be usefully complemented with a somewhat 
analogous within-country panel analysis applied to large countries (such as Brazil, 
China, India, Nigeria) that display significant internal variations, including in levels 
of development, urbanization, driver behavior, transport modes, and overall public 
administration.  Such variations across subnational regions may in fact yield 
considerable differences in parameter estimates, which in turn could lead to more 
specific policy implications, particularly in these large economies facing daunting 









APPENDIX TO CHAPTER TWO 
 
 
In chapter two, I combined data on traffic fatalities and the motor vehicle fleet 
from numerous sources to examine the relationship between traffic fatality risk and 
economic development.  In this appendix, I provide a brief description of the 
construction of the dataset used in that chapter.  Section A.1 describes the digitization 
of the International Road Federation (IRF) World Road Statistics, and other data 
sources are discussed in Section A.2.  The regression results from chapter two (Tables 
2.5 – 2.7) are reported again, including all country dummy coefficients in Section 
A.3.  Section A.4 presents the regression results when the same observations are used 
across all three spline equations.  Section A.5 shows the estimates of 
Fatalities/Population when time dummies are used in place of a common time trend.  
Sensitivity of the estimated turning point in the Fatalities/Population models is 
summarized in Section A.6 and Section A.7.  Finally, the issue of pooling HD1 and 
HD2 observations in the spline specification is addressed in Section A.8. 
 
A.1   Digitization of IRF World Road Statistics 
 
The IRF World Road Statistics (WRS) first appeared in 1958 and are based on 
data compiled from official sources within national statistics offices and national road 
administrations in up to 196 countries. The WRS contain data on over 100 variables, 
including data on road networks, vehicle fleets, road traffic accidents, fuel 
consumption, and road expenditures. 
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Prior to 1990, the WRS yearbooks were published annually, each edition 
containing data from the previous five years.  Since each variable appears in multiple 
editions, all data tables from every other edition were electronically scanned and then 
each series was compared across yearbooks to check for accuracy and to ensure that 
all revisions were recorded properly.  Hence, the digitized version contains the more 
recently published figures for each year.  For example, the 1971 and 1972 data come 
from the 1976 WRS yearbook, the 1973 and 1974 data from the 1978 yearbook, and 
so on.   
After combining the electronic version of the 1963-1989 WRS data with the 
1990-99 data (which was obtained in digitized form directly from the IRF), the traffic 
fatality statistics (from Table VII) and vehicle fleet figures (from Table IV) were 
inspected for reporting inconsistencies and anomalies using the following strategy.  
First, I selected only those countries for which there were at least 10 years of 
observations on the number of traffic deaths.  All country land area and name changes 
were rectified.  Then observations with traffic fatality values lying outside one 
standard deviation from the mean value of the series for the respective country were 
flagged as potential data outliers.  The flagged observations were inspected 
individually and dropped from the sample if judged to be an input error.  Finally, the 
data for each country were scrutinized for significant changes in reporting procedures 
through optical scan and also by flagging all observations that increased or declined 
by more than 10% from the previous year.   These flagged observations were 
inspected and compared to the data in the unscanned yearbooks as well as any other 
available data sources (described in the Section A.2).  If the inconsistencies were not 
 133
 
resolved and the series could not be supplemented by data from other sources, the 
problematic observations were omitted from the sample.   
 The vehicle fleet data were processed using the same method.  In addition, 
checks were performed to make sure the number of vehicles in each category sum to 
the reported total.  I accounted for changes in the vehicle type categories (in 1983 and 
again in 1988).  Reporting inconsistencies in the number of motorized two-wheelers 
were also common.   
 
A.2   Supplementary Data Sources 
The selected IRF data on traffic deaths and vehicles were also compared to 
and supplemented by numerous regional and country-specific road safety studies.  
Supplementary data was added from several sources where appropriate, including 
studies published by the following: 
• Inter-American Development Bank (1998)  
• Danish Road Directorate (1998)  
• Transportation Research Laboratory (Jacobs et al. 2000)  
• United Nations Economic and Social Commission for Asia and the 
Pacific (1997)  
• Statistical Bureau of the People’s Republic of China 
• Ministry of Transport of Israel (2000)  
• European Conference of Ministers of Transport (ECMT)   
• Global Road Safety Partnership 
• OECD International Road Traffic Accident Database (IRTAD) 
• Cross-National Time Series Database (CNTS)  
• Statistical Economic and Social Research and Training Centre for 
Islamic Countries (SESRTCIC)   
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• Bangladesh Bureau of Statistics  
• American Automobile Manufacturers Association 
 
The complete list of countries included in the dataset in chapter two is 
provided in Table A.1.  The countries are classified according to HDI group (HD1 or 
HD2) and World Bank geographic region. The number of observations for each 
country used to estimate the Fatalities/Population model is given in parentheses after 
the country name.  The remaining countries are those for which fatalities are 
projected in Section 2.5.3. 
 
A.3 Complete Regression Results, Including Country Dummy Coefficients 
 
The country dummy coefficients from the F/P, V/P, and F/V models from 
chapter two (Tables 2.5-2.7) are reported in Table A.3-A.5.  Heteroskedasticity-
corrected standard errors, clustered on country to allow for within panel 
autocorrelation, are provided in parentheses below each coefficient. 
 
A.4   Regression Results Using Same Observations Across All Equations 
 
Table A.2. displays the results from the spline models of Fatalities/Population, 
Vehicles/Population, and Fatalities/Vehicle when the income intervals are held 
constant across the three equations.  The spline segments correspond to those used to 
estimate the Fatalities/Population models in Table 2.5.  Therefore, there are an equal 
number of observations in each income range for the F/P models in Table A.2 but will 
vary somewhat for the V/P and F/V models.  The results are displayed for the two 
region-specific specifications of the time trend.  Heteroskedasticity-corrected 
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standard errors, clustered on country to allow for within panel autocorrelation, are 
given in parentheses.  
 
A.5   Fatalities/Population Estimates with Year Dummies Instead of Common Time 
Trend  
 
Table A.6 displays the regression results from the Fatalities/Population model 
using the spline specification of per capita income.  Results from both a common 
linear time trend specification as well as individual year dummies are shown in the 
table.   Once again, heteroskedasticity-corrected standard errors, clustered on country 
to allow for within panel autocorrelation, are given in parentheses.  
 
A.6   Sensitivity Analysis of Turning Point in Fatalities/Population Model to 
Subsets of Sample 
 
Sensitivity of the turning point to various subsets of the Fatalities/Population 
sample is summarized in Table A.7.  In the quadratic specification of income with 
logged, region-specific time trends, the turning point estimate is generally robust to 
variations in the sample, ranging from $5400-$6500 when the sample is limited to: 1) 
country-year observations where per capita GDP exceeds $1,000 (1985 international 
dollars), 2) observations with income less than $15,000, 3) observations from HD1 
countries only, and 4) observations for years 1963-1991.  The turning point does 
increase to approximately $10,000, however, if the sample is reduced to 1) only the 
observations from 1970-1999, or 2) only the HD2 countries. 
Using the spline specification of income with logged, region-specific time 
trends, the estimated turning points are as follows.  If the sample is limited to 
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observations from 1970-1999, the income elasticity becomes negative once income 
exceeds $9,500 (but is only statistically significant for incomes over $11,480).  If 
only using observations from 1963-1991, the income elasticity becomes negative 
once income exceeds $7,900 (but is only statistically significant for per capita GDP 
greater than $10,300).  The income elasticity becomes negative for incomes 
exceeding $7,275 when the sample is limited to per capita GDP over $1,000 (1985 
international dollars), and for incomes exceeding $7,696 when the sample is limited 
to per capita GDP under $15,000.  Finally, if the sample is limited to only HD1 
countries, the income elasticity becomes negative and statistically significant for 
incomes over $9,700.  
 
A.7.  Sensitivity Analysis of Turning Point in Fatalities/Population Model to Spline 
Segmentation 
 
As shown in Table A.8, the income range of the estimated turning point is 
fairly robust to using a different number of spline segments. When using 8, 9, 11, or 
12 spline intervals, the income elasticity becomes negative for incomes greater than  
$6,800 – 7,700, but generally is not statistically significant until income exceeds 
$9,200. There is no real difference in the turning point between common linear trend 
and logged region-specific time trend cases; except in the case of 9 intervals, the 
elasticity is significant for incomes exceeding $7,700 with the common time trend but 





A.8.  Pooling of HD1 and HD2 Countries in Spline Specification of 
Fatalities/Population Equation  
 
Another issue in model specification is whether or not the same functional 
form of income applies to HD1 and HD2 countries.  Since few HD1 observations fall 
into the lowest income segments and few HD2 observations occur in the higher 
income ranges, it is difficult to test this statistically using the spline specification.  
However, for the 3rd to the 7th  spline segments, one can not reject the null 
hypothesis that the income elasticities are the same across the two groups of 
countries.  In the specification with log-linear regional time trends, the F statistics 
testing the equality of the 3rd-7th spline income coefficients between HD1 and HD2 
groups are as follows: 3 ent: F(1, 2087) = 0.12, 4
2087) = 0.05, 6
rd segm th: F( 1, 2087) = 0.03, 5th: F(1, 
th: F(1, 2087) = 0.08, 7th:  F(1, 2087) = 0.00. 
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Table A.1. Classification of Countries for Which Fatalities Are Projected 
The number of observations for each country used to estimate the model is given in parentheses after the 
country name. 
Region Country  Region Country  
South Asia (SA) Latin America &Caribbean (LAC) 
HD2:Bangladesh (18) HD1:Argentina  
 Bhutan   Chile (34)
 India (27)  Costa Rica (14)
 Maldives   Uruguay  
 Nepal (14) HD2:Antigua & Barbuda  
 Pakistan (33)  Belize  
 Sri Lanka (34)  Bolivia  
    Brazil (16)
East Asia & Pacific (EAP)  Colombia (27)
HD1:Korea, Rep. (29)  Dominica  
HD2:China (22)  Dom. Republic  
 Fiji (15)  Ecuador (13)
 Indonesia (24)  El Salvador  
 Kiribati   Grenada  
 Lao PDR   Guatemala  
 Malaysia (37)  Guyana  
 Mongolia (14)  Haiti  
 Papua New Guinea (12)  Honduras  
 Philippines (18)  Jamaica  
 Samoa (13)  Mexico  
Islands   Nicaragua  
 Thailand (28)  Panama (16)
 Tonga (13)  Paraguay  
  Peru 
    Puerto Rico  
Middle East & N. Africa (MNA)  St. Kitts & Nevis  
Bahrain (12)   
HD2:Algeria   St. Vincent & Grenadines 
 Djibouti  Suriname   
(11)  Trinidad & Tobago  
 Iran   Venezuela  
 Iraq (11)    
 Jordan (32)Europe & Central Asia (ECA) 
 Morocco (34) HD1:Czech Republic (28)
 Oman   Hungary (33)
 Saudi Arabia (20)  Poland (19)
 Syria (22)  Slovak Republic  
 Tunisia (26) HD2:Bulgaria (18)
 Yemen (12)  Georgia  
    Latvia (11)
    Romania (13)
    Turkey (34)
    Yugoslavia (20)
 Solomon 
 Vanuatu (11)




(Table A.1. continued)     
Sub-Saharan Africa (SSA) High-Income OECD 
Angola  HD1:Australia (31)
 Benin (23)  Austria 
(31)  Belgium (36)
 Burkina Faso   Canada (30)
 Burundi   Denmark (37)
 Cameroon (17)  Finland (37)
 Cape Verde   France (37)
 Central African Republic   Germany (30)
 Chad   Greece (36)
 Comoros   Iceland (35)
Congo, Dem. Rep.   Ireland (31)
 Congo, Rep.   Italy (35)
(17)  Japan (37)
 Equatorial Guinea   Luxembourg (34)
 Ethiopia (30)  Netherlands (37)
 Gabon   New Zealand (37)
  Norway (37)
 Ghana   Portugal (37)
 Guinea   Spain (32)
 Guinea-Bissau   Sweden (35)
Kenya (27)  Switzerland (36)
 Lesotho (21)  United Kingdom (35)
 Liberia   United States (36)
 Madagascar     
 Malawi (28)Other High-Income  
 Mali  HD1:Bahamas  
 Mauritania   Barbados  
 Mauritius (26)  Bermuda  
 Mozambique (12)  Cyprus (30)
 Namibia   Hong Kong (36)
 Níger (24)  Israel (32)
 Nigeria (15)  Kuwait  
 Rwanda   Malta  
 Sao Tome &Principe   Qatar  
 Senegal (19)  Singapore (16)
 Seychelles   Taiwan (25)
 Sierra Leone (17)  U.A.E.  
 Somalia     
 South Africa (35)    
 Sudan     
 Swaziland (13)    
 Tanzania     
 Togo (16)    
 Uganda (19)    
 Zambia (13)    
 Zimbabwe (15)    





 Cote d'Ivoire 




Notes for Table A.2:  
Heteroskedasticity-corrected standard errors, clustered on country to allow for within 
panel autocorrelation, are given in parentheses.  
The constant term reflects the intercept term for India.  Country fixed effects were 
included in all regressions but are not displayed here. 
*** indicates 1% level of significance. ** indicates 5% level of significance.  
*10% level of significance. 
 
Model Specifications: 
1. Regional linear time trends 
2. Regional, log-linear time trends 
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Table A.2.  F/P, V/P, and F/V Regression Results Using Same Spline Segments 
Across All Equations  
lnY for: 
 Fatalities/Population Vehicles/Population Fatalities/Vehicles 






0.478    
(0.401) 
0.248   
(0.495) 
1.518***   
(0.471) 
1.138*   
(0.658) 
$938- $1,395 1.119*** (0.307) 
1.060*** 
(0.282) 




0.017   
(0.697) 
- 0.673   
(0.971) 
$1,395- $2,043 0.512* (0.268) 
0.326 
(0.283) 
0.946***    
(0.266) 
1.407***   
(0.320) 
- 0.145   
(0.334) 
- 0.988**   
(0.411) 
$2,043- $3,045 0.976** (0.386) 
0.765* 
(0.413) 
0.597**   
(0.259) 
0.783**   
(0.348) 
0.612   
(0.402) 
- 0.006   
(0.553) 
$3,045- $4,065 0.960*** (0.327) 
0.701** 
(0.347) 
1.349***   
(0.357) 
1.699***   
(0.381) 
- 0.403    
(0.427) 
- 1.169**   
(0.496) 
$4,065- $6,095 0.602** (0.277) 
0.390 
(0.248) 




- 0.190   
(0.281) 
- 0.864***   
(0.307) 
$6,095- $8,592 0.258 (0.284) 
0.075 
(0.274) 
0.840***   
(0.274) 
1.034***   
(0.327) 
- 0.500   
(0.361) 
- 0.953**   
(0.408) 
$8,592- $10,894 -0.207 (0.265) 
-0.542** 
(0.267) 
- 0.060   
(0.211) 
0.288   
(0.285) 
- 0.085   
(0.259) 
- 0.917**   
(0.399) 
$10,894- $13,234 -0.668* (0.384) 
-1.338*** 
(0.332) 
-0.605*   
(0.326) 
0.364*    
(0.222) 
0.110   
(0.354) 
- 1.689***   
(0.403) 
> $13,234 -0.522* (0.274) 
-0.996*** 
(0.242) 
- 0.492***    
(0.246) 
0.228   
(0.166) 
- 0.013   
(0.335) 




$8,592 $8,592 $8,592 - $1,395 $938 
Regional t: 
EAP 




0.058***   
(0.014) 
0.593***   
(0.221) 
- 0.057***   
(0.016)  
- 0.302   
(0.251) 




0.056***    
(0.005) 
0.509***   
(0.081) 
- 0.070***   
(0.010)  
- 0.478***   
(0.161) 




0.076***    
(0.008) 
0.741***   
(0.091) 
-  0.052***   
(0.009) 
- 0.413***   
(0.118) 




0.022***   
(0.007) 
0.185**    
(0.075)  
- 0.013***   
(0.006) 




0.019***   
(0.006) 
0.030   
(0.070) 
- 0.025***    
(0.008) 
  0.034   
(0.109) 




0.041***   
(0.008) 
0.254**   
(0.103) 
- 0.038***   
(0.008)  
- 0.140   
(0.120) 




0.030***    
(0.009) 
0.349***   
(0.118) 
- 0.032***   
(0.007) 
- 0.288***   
(0.096) 




0.029***   
(0.005) 
0.198***   
(0.058) 
- 0.047***    
(0.005) 
- 0.251***   
(0.067) 
F statistic on regional 
ts: 
F(7, 87) = 
8.67*** 
F(7, 87)  
= 9.28*** 
F(7, 74) =   
19.22*** 
F(7, 4) =   
23.44*** 
F(7, 69) =   
10.42*** 
F(7, 69) =    
6.83*** 
constant 




-0.437   
(2.661) 
0.445   
(3.265) 
- 12.357***   
(3.132) 
- 9.575**   
(4.338) 
DW statistic: 0.841 0.816 0.192 0.196 0.605 0.472 
Adjusted R2: 0.8695 0.8656 0.9850 0.9799 0.9589 0.9391 
Countries; Obs 88; 2200 75; 1876 70; 1695 





Notes for Table A.3 – A.5:  
Heteroskedasticity-corrected standard errors, clustered on country to allow for within panel 
autocorrelation, are given in parentheses.  
The constant term reflects the intercept term for India.   
*** indicates 1% level of significance ** indicates 5% level of significance.  
*10% level of significance. 
 
Model Specifications: 
9. Quadratic, common linear time trend 
10. Quadratic, common log-linear time trend 
11. Quadratic, regional linear time trends 
12. Quadratic, regional, log-linear time trends 
13. Spline, common linear time trend 
14. Spline, common log-linear time trend 
15. Spline, regional linear time trends 
16. Spline, regional, log-linear time trends 
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Table A.3. Country Dummy Coefficients from F/P Models 
Quadratic Spline Country 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0.8460 0.8634 0.8557 0.8554 0.8695 0.8656 
Hausman chi2 36.20*** 40.63*** 80.90*** 353.13*** 40.75*** 53.42*** 90.27*** 70.17*** 
DW statistic 0.734 0.732 0.807 0.768 0.774 0.776 0.841 0.815 
No. of  Countries: 88, No. of observations: 2200 
Zimbabwe 
Adjusted R2: 0.8455 0.8567 
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Table A.4. Country Dummy Coefficients from V/P Models 
Quadratic Spline Country 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































-3.104   
(3.536) 




Adjusted R2: 0.9783 0.9742 0.9818 0.9775 0.9820 0.9767 0.9849 0.9799 
Hausman chi2 133.87*** 21.96*** 127.23*** 164.60*** 87.94*** 21.47*** 185.42*** 118.67***
DW statistic 0.181 0.188 0.175 0.187 0.188 0.190 0.190 0.196 
No. of  Countries: 75, No. of observations:  1876 
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Table A.5. Country Dummy Coefficients from F/V Models 
Quadratic Spline Country 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Adjusted R2: 0.9532 0.9363 0.9569 0.9377 0.9540 0.9368 0.9588 0.9394 
Hausman chi2 257.15*** 21.75*** 175.57*** 32.86*** 167.26*** 29.58*** 190.31*** 101.17***
DW statistic 0.534 0.443 0.576 0.457 0.548 0.451 0.606 0.476 




Table A.6. Regression Results from Fatalities/Population Models,  
Common time trend vs. year dummies 
Variable Common time trend (Model 5) Year Dummies 
lnY for: 
$1- $938 1.684***  (0.393) 1.528***  (0.387) 
$938 - $1,395 1.180***  (0.325) 1.168***  (0.326) 
$1,395- $2,043 0.506**  (0.242) 0.468*  (0.244) 
$2,043- $3,045 0.920*  (0.481) 0.877*  (0.495) 
$3,045- $4,065 0.699*  (0.392) 0.618  (0.401) 
$4,065- $6,095 0.323  (0.258) 0.340  (0.250) 
$6,095- $8,592 -0.048  (0.251) -0.147  (0.247) 
$8,592-$10,894 -0.791***  (0.247) -0.951***  (0.234) 
$10,894-13,234 -1.572***  (0.363) -1.468***  (0.336) 
>$13,234 -1.151***  (0.277) -1.112***  (0.267) 
t 0.001  (0.003)  
Year Dummies: 1964  0.077***  (0.028) 
1965  -0.011  (0.058) 
1966  0.005  (0.060) 
1967  0.048  (0.053) 
1968  0.073  (0.062) 
1969  0.144**  (0.059) 
1970  0.194***  (0.056) 
1971  0.195***  (0.057) 
1972  0.219***  (0.060) 
1973  0.275***  (0.067) 
1974  0.213***  (0.074) 
1975  0.200***  (0.068) 
1976  0.161**  (0.079) 
1977  0.181**  (0.079) 
1978  0.227***  (0.085) 
1979  0.238***  (0.087) 
1980  0.199**  (0.087) 
1981  0.149*  (0.089) 
1982  0.116  (0.095) 
1983  0.176**  (0.088) 
1984  0.165*  (0.099) 
1985  0.126  (0.093) 
1986  0.126  (0.098) 
1987  0.121  (0.099) 
1988  0.174*  (0.102) 
1989  0.150  (0.119) 
1990  0.208**  (0.102) 
1991  0.197*  (0.109) 
1992  0.188*  (0.112) 
1993  0.161  (0.111) 
1994  0.195*  (0.116) 
1995  0.207*  (0.113) 
1996  0.118  (0.118) 
1997  0.155  (0.112) 
1998  0.145  (0.116) 
1999  0.149  (0.123) 
Constant  -11.605***  (2.611) 
F statistic on year    
effects:  F(36, 87) = 4.87*** 
Adjusted R2: 0.8554 0.8594 
Hausman chi2 40.75***  
DW statistic 0.774  
Countries: 88, Observations: 2200 
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Table A.7. Sensitivity Analysis of Turning Point in Fatalities/Population Model to 
Subsets of Sample 
















[$4,360, $7,551] $8,600 
Real Per Capita GDP  
> $1,000 (1985 int’l$) 1944 82 $6,074 $7,275 
Real Per Capita GDP  
< $15,000 (1985 int’l$) 2101 88 $5,950 $7,696 
HD1 Countries Only 1113 35 $6,563 $9,700 
HD2 Countries Only 1087 53 $9,081 - 
Years 1963-1991 1719 88 $5,372 $7,900 






Table A.8. Sensitivity Analysis of Turning Point in Fatalities/Population Model to 
Spline Segmentation 
(1985 International Dollars) 
Time Trend Specification 










10 (Base Model) $6,095 $6,095 $8,592 $8,592 
8 6,768 6,768 9,771 6,768 
9 7,673 7,673 7,673 7,673 
11 7,053 7,053 9,238 7,053 
12 7,673 5,629 9,771 7,673 







APPENDIX TO CHAPTER THREE 
 
In chapter three, I combined data from numerous sources to estimate reduced 
form models of traffic fatality rates by road user group.  This appendix provides a brief 
description of the construction of the dataset used in that chapter.  Section B.1 describes 
the data sources for each variable and Section B.2 explains the methods used to extend 
the statistics on total vehicle-kilometers traveled (VKT) for several countries.  A 
comparison of the regression results using the official VKT statistics versus those using 
the extended VKT series is presented in Section B.3.  Section B.4 displays the growth 
rates used to extend the per capita income series to 2002.  Finally, Section B.5 shows the 
results from the income-only regressions of Section 3.5.1 using the income series from 
chapter two (measured in 1985 international prices). 
 
B.1 Data Sources 
  
 Traffic Fatalities, by road user group.  In chapter three, traffic fatalities are 
broken into road user groups.  For the models in Table 3.7 and 3.9, “pedestrians” include 
both pedestrian and bicyclist deaths and “occupants” include all other road users 
(passengers and drivers of any motorized vehicle).  In the models including the seatbelt 
usage variables (Tables 3.8 and 3.10), fatalities are divided “non-occupants” and 
“occupants” where two-wheeler deaths are now included in the former.  The primary data 
source used to construct these variables is the OECD International Road Traffic Accident 




• Canada: Statistics Canada (for 1963-1969); Transport Canada (for 2001-2002) 
• Chile: Carabineros de Chile (for 1992-2002)  (bicyclists could not be separated 
from occupants) 
• Israel: Central Bureau of Statistics (for 1988-2002) 
• New Zealand: Land Transport Safety Authority (for 1963-1969) 
• Poland: Poland Police Headquarters (for 1985-2002) (pedestrians include moped 
deaths) 
• Slovak Republic: Note Prepared for 27th IRTAD Operational Commitee Meeting 
(for 1998-2002) 
 
 Total Vehicle-Kilometers Traveled.  Annual estimates of the total vehicle-
kilometers (VKT) traveled by all motorized vehicles were taken primarily from IRTAD 
and from the digitized version of the International Road Federation (IRF) World Road 
Statistics yearbooks.  (All IRF data mentioned throughout Appendix B were digitized 
according to the same process described in detail in Section A.1 of Appendix A.)   The 
IRTAD and IRF data were supplemented by data from other sources for the following 
countries: 
• Czech Republic: Hungary Ministry of Environment (for 1991-1993) 
• Hungary: Hungary Ministry of Environment (for 1970, 1975, 1980, 1985-1997) 
Israel: Central Bureau of Statistics (for 1988-2002) • 
• Portugal:  Hungary Ministry of Environment (for 1970) 
• Sweden: Swedish National Road Administration (for 2000-2002) 
• Spain: Spain Ministry of Public Works and Infrastructure (for 1995-2002) 
 
The compiled VKT statistics were then extended for several countries as described in 
Section B.2 below.     
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 Per Capita Income. The real per capita GDP data used in chapter three (1996 
international prices) was taken from the Penn World Tables 6.1.  This series was 
extended to 2002 using GDP growth rates, as described in Section B.4 below.   
 Vehicle Stock and Road Length.  Data on the motor vehicle fleet and the length of 
the road network (kms) came from IRTAD, the IRF World Road Statistics, and numerous 
national sources.  Motor vehicle counts include all cars, buses, trucks, and motorized 
two-wheelers.  The IRTAD and IRF data were supplemented by data from other sources 
for the following countries: 
Road length data: 
• Canada: Statistics Canada (for 1964-1975) 
• Greece: European Commission Directorate-General Energy and Transport (for 
2000) 
• Hungary: Hungary Ministry of Economy and Transport (for 2000) 
• Iceland: European Commission Directorate-General Energy and Transport 
(for 2000); Statistics Iceland (for 2001-2002) 
• Israel: Canning (1998) (for 1988-1994), Israel Central Bureau of Statistics (for 
1995-2002) 
• Japan: Hokkaido Police Headquarters (for 2002) 
• Korea, Rep.: Korea National Statistics Office (for 1964-2002) 
• Luxembourg: European Commission Directorate-General Energy and 
Transport (for 2000) 
• New Zealand: Transfund New Zealand (for 2001-2002) 
• Portugal: European Commission Directorate-General Energy and Transport 
(for 2000) 
• Slovak Republic: Slovak Statistics (for 1991-2002) 
• Spain: Spain Ministry of Public Works and Infrastructure (Ministerio de 
Fomento) (for 1990-2002) 
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• Switzerland: Swiss Federal Statistics Office (for 2000-2001); Swiss Federal 
Tourism Office (for 2002) 
• United Kingdom: UK(GB) and N.IRL transport statistics (for 1999-2000, 
2002) 




• Canada: Statistics Canada (for 1963-1970), Transport Canada (for 2001-2002) 
• Hungary: Hungary Ministry of Economy and Transport (for 2001-2002) 
• Iceland: Statistics Iceland (for 1963-2002) 
• Israel: Israel Central Bureau of Statistics (for 1963-2002) 
• Korea, Rep.: Korea National Statistics Office (for 1966-2002) 
• Norway: Statistics Norway (for 1963-2002) 
• New Zealand: Land Transport Safety Authority (for 1963-2002) 
• Spain: Spain Statistics (for 1986-2002) 
• Sweden: Swedish National Road Administration (for 1990-2002) 
• Switzerland: Swiss Federal Statistics Office (for 2001-2002) 
• United Kingdom: Northern Ireland Department for Regional Development 
(for 1998-2002) 
 
 Population, by age cohort.  The population estimates needed to compute the 
percentage of driving age population (ages 15 and up) between 15-24 (YOUTH) and the 
percentage over age 65 (ELDERLY) came primarily from the U.S. Census International 
Data Base and IRTAD.  Additional data was added for a few countries from the 
following sources: 
• Australia: United Nations (for 1965, 1970, 1975, 1980) 
• Canada: Statistics Canada (for 1964-2002) 
• Denmark: Statistics Denmark (for 1964-2002) 
• Finland: United Nations (for 1970) 
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• Iceland: United Nations (for 1965, 1970, 1975, 1980) 
• Korea, Rep.: Korea National Statistics Office (for 1970-2002)  
• New Zealand: United Nations (for 1965, 1970, 1975, 1980) 
• Norway: Statistics Norway (for 1970-1980), United Nations (for 1965) 
• Portugal: United Nations (for 1965, 1970, 1975, 1980, 1985, 1990) 
 
Finally, data on the percentage of population living in urban areas (URBAN) 
came from the World Bank’s World Development Indicators Database. 
  Alcohol- related variables.   Alcohol consumption data was taken from World 
Drink Trends 2000 and supplemented by figures from OECD Health Data 2003.  Death 
rates due to cirrhosis of the liver came from the World Health Organization and was 
checked against and supplemented by data from the OECD Health Data 2003 where 
appropriate.   
Medical indicators.  Data on the number of licensed physicians per capita was 
taken from the OECD Health Data 2003 database.  The data used to calculate an indicator 
of heart attack survival also came from OECD Health Data 2003.  This includes: the 
number of hospital discharges after admission for acute myocardial infarction 
(myocardial discharges), the total number of hospital discharges (total discharges), and 
the number of deaths due to myocardial infarctions (deaths). Then heart attack survival 
rate variable (HEART) was computed as:  
HEART   =  myocardial discharges / total heart attacks  
    =  myocardial discharges / (total discharges + deaths).   
 
Seatbelt wearing rates.  Seatbelt usage data come primarily from IRTAD.  
Wearing rates are available for three road classes (urban, rural, and motorways) and are 
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defined as the average wearing rate for drivers of passenger cars.  In the IRTAD 
classification, rural roads include motorways.  Efforts were made to supplement the 
IRTAD data for OECD countries with missing observations. The following additions 
were made:  
Urban roads:  
 
• Belgium: Belgium Road Safety Institute (BIVV) (for 1993, 1998, 1999) 
• Denmark: Danish Transport Research Institute (for 2000-2001) 




                                                
Spain: Dirección General de Tráfico (for 1995-6, 1998, 2002) 
United Kingdom: U.K. Department of Transport (1982-2002)96 
• United States: U.S. Department of Transportation (for 1999-2002)97 
 
Rural roads: 
• Denmark: Danish Transport Research Institute (for 2000-2001) 
  
Motorways: 
• Denmark: Danish Transport Research Institute (for 2000-2001) 
 
 
B.2 Extension of VKT Series Using Fuel Consumption Data 
 
Reliable annual estimates of Total Vehicle-Kilometers traveled (VKT) on the road 
network are limited, even for some OECD countries.  In an effort to increase the sample 
size of the dataset used in chapter three, I extrapolated the existing VKT statistics for 
 
96 The U.K. survey includes seatbelt rates for Great Britain only.   
97 The 1982 – 1999 data is also from U.S. DOT.  They are the National Highway Safety 
Administration’s national estimates that I received through email correspondence from 
Professor Liran Einav at Stanford University (February 24, 2004).   
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several countries using fuel consumption data.  To do this, I estimated the following 
reduced-form equation of VKT for each country:  
 (B1)   VKTt = a + b PETROLt + c DIESELt + d t  + εt   
where PETROLt = total petrol consumed in road vehicles in year t, DIESELt = total 
diesel fuel consumed in road vehicles in year t, and t is a linear time trend.   
PETROL and DIESEL (measured in thousands of metric tons) come primarily 
from the IRF World Road Statistics yearbooks.  These series were cross-checked and 
supplemented by data from OECD Energy Statistics (various editions) and national 
sources where appropriate, including: 
Petrol: 
 




• United Kingdom: U.K. Department of Transport (for 1991-2001) 
 
For years when VKT data are missing, VKT were predicted directly from 
equation (B1).  In total, the predicted values were used to extend the base VKT data for 
the following 17 countries:  Australia, Canada, Chile, Greece, Hungary, Iceland, Ireland, 
Italy, Korea, Rep., Luxembourg, Netherlands, New Zealand, Poland, Portugal, Slovak 
Republic, United Kingdom, and United States.  The total sample size increased by 126 
observations (from 704 to 830).  The summary statistics for the base VKT and extended 
VKT series for countries used in the income-only regressions of chapter three (equations 





B.3 Income Only Regression Results Using Base VKT Data 
  
Table B.2 displays the results from fixed-effects models of Pedestrian 
Fatalities/VKT and Occupant Fatalities/VKT on per capita income and a linear time trend 
using the base and extended VKT series. (In all specifications, the standard errors given 
in parentheses below each coefficient are corrected for heteroskedasticity and within 
panel correlation in errors.)  The magnitude and significance of both the income and time 
trend coefficients are relatively stable across the two VKT series for both road user 
groups.  However, when a common time trend is assumed the income elasticity of the 
occupant fatality rate does lose significance at the 10% level with the VKT extension.  
 
B.4  Extension of Per Capita Income Data (1996 International Dollars) to 2002 
In chapter three, real per capita GDP is measured in 1996 international dollars. 
Like the income measure used in chapter two, this series comes from the Penn World 
Tables RGDPCH variable (real per capita GDP, chain method) and accounts for 
differences in purchasing power across countries and allows for comparisons over time.  
In Version 6.1 of the Penn World Tables, RGDPCH is measured in 1996 international 
prices and covers years 1963–2000 in my sample.   To extend this income measure to 
2002, I used the real per capita GDP growth rates implied by the national accounts data 
from OECD (real per capita GDP measured at the price levels and PPPs of 1995 (U.S. 
dollars)).   Table B.3 displays the annual growth rates for 2000-2002 for each of the 





B.5 Income Only Regression Results Using Per Capita Income in 1985 International 
Dollars 
  
To provide some comparison with the income coefficients from chapter two, 
Table B.4 displays the regression results from equations (3.11) – (3.13) using the income 
series from chapter two (measured in 1985 international dollars).  (Again, all standard 
errors are corrected for heteroskedasticity and within panel correlation in errors.)  It is not 
surprising that the income elasticity estimates from using the 1985 international dollars 
data are larger than when using the 1996 international dollars.  Since income measured in 
1996 dollars always exceeds income in 1985 dollars, at each level of income a one 
percent increase in 1996 income is equivalent to a greater than one percent increase in 
income measured in 1985 dollars.  Therefore, the income coefficient from the former 
estimates the effect of a smaller increase in income than from the latter.   
 
B.6  Sensitivity Analysis of VEHGROWTH Variable in Estimates of Occupant 
Fatalities/VKT  
 
I also tried two other specifications of VEHGROWTH: 1) VEHGROWTH2, a 
two-year average of the annual vehicle growth rate and 2) VEHGROWTH3, a three-year 
average of the annual vehicle growth rate.  Results from these specifications are 
displayed in Models 4 and 5 of Table B.5.  In general, the coefficient increases in 
magnitude as more years are included in the average growth rate.  All other coefficient 
estimates remain stable across specifications.   
The rate of motorization is significantly larger in South Korea than other countries 
included in the dataset for much of the sample period.  (The mean VEHGROWTH is 
0.171 (0.093) in South Korea over the sample period but only 0.033 (0.028) over the 
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other countries included in the sample.)  To test the significance of this outlier, Model 1 
was reestimated without South Korea.  As shown in Model 6 of Table B.5, omitting these 
observations causes the VEHGROWTH coefficient to increase in magnitude (to 0.837 
(0.298)), although the other coefficients remain stable in magnitude and significance.    
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Table B.1.  Descriptive Statistics for Base and Extended VKT Dataa 
Country Variable N Mean Std. Dev. Minimum Maximum
Australia Base VKT 9 169332.2 19491.9 135267.0 192209.0 
 Extended VKT 21 156231.6 20412.7 124586.4 192209.0 
Canada Base VKT 23 170727.8 66785.2 82110.0 315815.0 
 Extended VKT 40 198491.4 65260.5 82110.0 315815.0 
Chile Base VKT 1 23829.0 - 23829.0 23829.0 
 Extended VKT 4 23008.5 1121.1 21434.0 23829.0 
Greece Base VKT 15 38582.1 28435.2 11924.0 81635.0 
 Extended VKT 31 42453.5 24443.3 6091.3 83334.2 
Hungary Base VKT 16 22000.0 5278.9 8000.0 28000.0 
 Extended VKT 32 20178.5 6485.2 8000.0 30622.8 
Iceland Base VKT 21 1674.9 299.5 1185.0 2045.0 
 Extended VKT 22 1692.5 303.8 1185.0 2063.3 
Ireland Base VKT 16 24540.3 6580.2 14309.0 37840.0 
 Extended VKT 27 21605.8 7940.3 
21 
6099.3 37840.0 
Italy Base VKT 261199.5 70515.3 88184.0 387361.0 
 Extended VKT 30 300495.5 101785.2 88184.0 464939.3 
Korea, Rep. Base VKT 10 43134.8 13993.2 25556.0 67266.0 
 Extended VKT 13 48108.0 15381.2 25556.0 67266.0 
Luxembourg Base VKT 15 3285.8 695.9 1774.0 4120.0 
 Extended VKT 30 2837.2 949.2 1143.1 4164.7 
Netherlands Base VKT 32 84080.6 23713.8 24197.5 126660.0 
 Extended VKT 33 85093.9 24035.4 24197.5 124796.2 
New Zealand Base VKT 31 24558.3 9667.6 9492.0 40878.0 
 Extended VKT 33 24784.1 9726.7 9492.0 40322.7 
Poland Base VKT 16 95271.8 41624.3 47507.0 178400.0 
 Extended VKT 18 107780.1 53541.2 47507.0 218203.6 
Portugal Base VKT 11 54777.2 32370.9 5098.0 94260.0 
22 55376.1 33562.1 5098.0 102353.1 
Base VKT 2 10265.5 294.9 10057.0 10474.0 Slovak 
Republic Extended VKT 4 10586.5 432.9 10057.0 11085.1 
Base VKT 29 323380.2 85835.8 206600.0 474680.0 United 
Kingdom Extended VKT 33 343428.4 97263.8 206600.0 501897.8 
United States Base VKT 32 2977385.0 874377.9 1420224.0 4478154.0 
 Extended VKT 33 2990024.0 863664.3 1420224.0 4478154.0 
 Extended VKT 




Table B.2. Income-Only Regression Results Using Base and Extended VKT Data 
Vehicle Occupant Fatalities/VKT Pedestrian Fatalities/VKT 
 Base VKT Extended VKT Base VKT Extended VKT 
Real per capita 
GDP (1996 
Int’l$) 
-0.299*   
(0.171) 
-0.044   
(0.296) 
-0.237   
(0.188) 




















0.030   
(1.578) 
-2.250    
(2.716) 
- 0.531   
(1.726) 
-1.927   
(2.459) 
2.032   
(1.364) 
0.742   
(2.019) 
2.877**   
(1.349) 
0.518   
(1.709) 
Adjusted R2: 0.9474 0.9590 0.9468 0.9587 0.9541 0.9674 0.9543 0.9677 
Observations 704 704 830 830 704 704 830 830 






































Chile    
-0.089*** 











































































































































(Table B.2. continued) 








































































Switzerland   
-0.050*** -0.050***  

































Sweden  (0.003) 
*** Indicates 1% level of significance ** Indicates 5% level of significance   















Table B.3. Annual Growth Rates of Real per capita GDP (PPP adjusted, 1995 U.S. 
dollars) in OECD Member Countries (%), 2000-2002  

























United Kingdom 3.661346 0.010848
United States -0.69714 0.014852
Austria 
0.000316
Korea, Republic  2.345467 0.055272
New Zealand 
Norway 1.421165 0.003713
Slovak Republic 3.667736 0.047584
Sweden 
 
Growth rates were computed from National Accounts for OECD Member Countries.  Available from 




Table B.4. Income-Only Regression Results Using Per Capita Income Series in 1985 
and 1996 International Dollars 
Vehicle Occupant Fatalities/VKT Pedestrian Fatalities/VKT 
 
Income Measured in 
1985 Int’l Dollars 
Income Measured in 
1996 Int’l Dollars 
Income Measured in 
1985 Int’l Dollars 
Income Measured in 




-0.394**   
(0.196) 
-0.181   
(0.279) 
-0.237   
(0.188) 



















0.730   
(1.717) 
-1.088   
(2.447)  
- 0.531   
(1.726) 
-1.927   
(2.459) 
4.510***   
(1.451) 
1.126   
(1.467) 
2.877**   
(1.349) 
0.518   
(1.709) 
Adjusted R2: 0.9445 0.9468 0.9587 0.9553 0.9573 0.9676 0.9543 0.9677 
Observations 798 798 830 830 798 798 830 830 









































































































































































































































Slovenia    
-0.103*** 















































(0.003)  United States (0.006) 
-0.039*** 
(0.004) 
*** Indicates 1% level of significance ** Indicates 5% level of significance   





Table B.5. Sensitivity Analysis of Income and VEHGROWTH Variable 
Specification, Occupant Fatalities/VKT Equation 
 1 (Base 
Model) 2 3 4 5 


















   
 























-1.367***   
(0.352) 









0.359***   
(0.127) 









-0.511***   
(0.133) 









-0.013***   
(0.002) 









0.014***   
(0.002) 









-0.009   
(0.013) 









0.097   
(0.211) 














VEHGROWTH3     
1.202*  
(0.637)  









20.954***   
(6.165) 
Adj. R-squared 0.9602 0.9608 0.9620 0.9622 0.9625 0.9540 
680 680 650 650 650 667 
Countries 32 32 32 32 32 31 
       
Elasticity with 
respect to Y a: 
-0.008   
(0.129) 
-0.065   
(0.108)  
0.108   
(0.120) 
0.096   
(0.116) 
0.089   
(0.113) 





0.610**   
(0.257) 









0.688**    
(0.267) 
*** Indicates 1% level of significance ** Indicates 5% level of significance   
* Indicates 10% level of significance 
a Elasticities are evaluated at mean ln(Y) and ln(YOUTH) of  base model sample: Y = $16,630 (1996 Int’l 
dollars), YOUTH = 0.1928. 
 
 
VEHGROWTH2it = ½ [(VEHit – VEHi,t-1)/VEHi,t-1 + (VEHi,t-1 – VEHi,t-2)/ VEHi,t-2] 
VEHGROWTH3it = 1/3 [(VEHit – VEHi,t-1)/VEHi,t-1 + (VEHi,t-1 – VEHi,t-2)/ VEHi,t-2  









(Models 1-3) Model 4 
Models Models 
10, 11 5, 9 Model 6 Model 7 Model 8 
Australia 12 11 12 11 4 12 11 
Austria 23 20 21 22 12 23 21 
Belgium 29 27 24 28 4 15 24 
Canada 25 12 12 25 11 25 12 
Chile 4 4 1     
Czech 
Republic 6 6 2 6 5 6 2 
Denmark 32 23 17 31 5 25 16 
Finland 31 28 24 30 14 31 24 
France 33 30 30 18 5 33 16 
Germany 26 23 17 8 4 9  
Greece 16 15 15 16 15 6 15 
Hungary 25 24 23 24 1 25 23 
Iceland 21 18 14 21  20 14 
Ireland 19 17 17 7 2 19 5 
Israel 13 11 10 4  13  
Italy 27 27 27 24 1 27 4 
Japan 33 31 26 13  33 21 
Korea, 
Republic  13 10 5 27  13 5 
Luxembourg 27 26 24 25 3 20 24 
Netherlands 31 31 27 21 12 31 23 
New 







 8  
United 
Kingdom 27 25 25 25  26 25 
United 
States 29 27 26 27 17 29 26 
Countries: 32 30 30 29 23 31 26 
Total 
Observations: 680 581 515 537 181 613 408 
Norway 32 20 16 14 10 32 13 
14 11 9 8 14 11 
Portugal 9 5 3 4 9 6 
Slovak 
Republic 4   3 4  
Slovenia 6    6  
Spain 20 17 2 5 17 3 
Sweden 26 23 16 23 13 26 
Switzerland 34 31 20 33  34 26 

































Australia 12 9       
Austria 23 23 22 20 22 20 21 22 
Belgium 29 29 5 1 5 1 4 5 
Canada 25 25 13 11     
Chile 4        
Czech 
Republic 6 6       
Denmark 32 32 2  2  2 21 
Finland 31 31 14 7 10 3 9 1 
France 33 33 23 20 31 28 18 31 
Germany 26 26 9  17 14 3 9 
Greece 16 16      1 
Hungary 25 17 5 3 5 3 4 4 
Iceland 21 21       
Ireland 19 19 1  1  1  
Israel 13 13       
Italy 27 27       
Japan 33 33 26 19    26 
Korea, 
Republic  13 8 3      
Luxembourg 27 18       
Netherlands 31 31 17 15 17 15 14 17 
New Zealand 25 25 7 5 7 5 6  
Norway 32 32 24 13 24 13 22 5 
Poland 14 14       
Portugal 9 9       
Slovak 
Republic 4        
Slovenia 6 6 6 2 6 2  6 
Spain 20 20 4 3 3 2 1 1 
Sweden 26 26 9 3 9 3 7 9 
Switzerland 34 34 33 25 34 26 33 33 
Turkey 8 8       
United 
Kingdom 27 24 20 18     
United States 29 21 18 15 5 3 3  
Countries: 32 30 20 16 16 14 15 15 
Total 




Table B.8. Country-Specific Time Trend Coefficients from Income-Only  




 1 3 5 1 3 5 
-0.376**   
(0.187)  
-4.613   
(4.121) 
-0.077   
(0.268)  
-7.727*   
(4.676) 
(lnY)2   
0.223   
(0.212)   





-0.475*   
(0.286)   




-0.751**   
(0.302)   




-0.347   






(0.177)   








21.040   
(19.991) 




34.927   
(22.632) 
Turning Point 
(1996 Int’l$):   $30,800   $14,572 
Adjusted R2: 0.9677 0.9686 0.9679 0.9587 0.9617 0.9604 
Countries 32 32 32 32 32 32 































































































































































































































































































































































































































Observations 798 798 830 798 830 830 










*** Indicates 1% level of significance ** Indicates 5% level of significance   
* Indicates 10% level of significance 
a Regression results displayed here correspond to Models 1, 3, and 5 in Table 3.2.  Heteroskedasticity-
corrected standard errors, clustered on country to allow for within panel autocorrelation, are given in 
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